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In 1942 we massed scheduled production 159%; in 1944, by 114%. 
\i'e're straining to. produce $5,900,000,000 of munitions monthly. ... Certain 

itical programs lag 14 to 58%... . Government predicts 40% cut-back on 
V-E Day. ... Shipbuilding to be cut 60%; aircraft, 20%. ... Wide variations 
in cut-backs geographically. ., . Despite lopoffs we'll produce ahead of 1942. 

Metal Show was breath-takingly big. ;.. You noted modern trends in 


tal treating exhibited there. ... 


We publish two suggestions for a name 


r sub-zero treatment. ... Lincoln.Electric Co. has a stupendous proposal! ... 


ntrols in some alloys after V-E Day. 


rtoons? 
Testing shells by sound waves. 
Flit-ted out. 


... How do you like our new series of 


., . Howéver, there are some “bugs” to be 
_»» Lhree hundred potential téchnical articles from one com- 


pany when “it can be told.” ,.. We rode on a military tank to observe the 


gun gyro stabilizer. . 


. . [his gyro is merely a pilot—it doesn’t do the work. 





1942 the ‘‘Tool-Up’’; 1944, “Close-Out,”’ Year 


The year 1944 has been the “most 
amazing production year in the his- 
tory of the world,” J. A. Krug, new 
head of the War Production Board, 
recently told a group of. journalists. 
He classified 1942 as the “tool-up 
year,’ 1943, “the component year,” 
and 1944 as the “close-out year.” 

In 1942, scheduled production was 
missed by 15%, but in 1944, by only 
142%. Last December had been our 
best production month, with $5,600,- 
000,000 worth of munitions. But 
our schedule calls for $5,900,000,000 
monthly by the end. of this year. 
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“The most difficult part of war pro- 
duction still lies ahead,” 

Certain critical programs are lag- 
ging behind, from 14 to 58%, among 
them heavy artillery, general purpose 
and fragmentation bombs, heavy 
duty trucks, superbombers and A-26 
invaders. 

A. cut-back in production by 70% 
when Germany is defeated has been 
predicted by Alfred P. Sloan, Jr., 
chairman, General Motors Corp., 


which contrasts with 40%, or less, 
estimated by official Washington. 
The economists at the Capitol figure 


by Harold A. Knight 
News Editor 


that 60% of the total cut-back will 
come during the first quarter after 
V-E (Victory-in-Europe) Day; 20% 
the second quarter, with third and 
fourth quarters 10% each 

The shipbuilding program may be 
cut back 60%; aircraft, 20%. Ship 
cuts will not come fast, being mainly 
run-outs of schedules, Fast cuts will 
involve ground army procurement 
and aircraft. 


Cut-Backs, Geographically 

As to cuts, geographically, 50% 
cuts will occur in the Southeastern 
states and the Michigan automobile 
areas. Cuts in the South will be large 
because of prominence of the manu- 
facture of ammunition and ships 
The lop-off in the prairie states and 
the Pacific Northwest will be 25% 
because of production of big air 
planes and combat-loaders, all needed 
against Japan. Cut-backs in cities 
will vary widely, some to be cut 85% 
because of concentrated war work 

Yet with all cut-backs, production 
The U. S. will 
still be spending $65 billion yearly 
Not more than a quarter of our 
plants will need drastic revision for 
peace manufacture. 

Priority controls of materials for 
civilians will be almost completely 
removed after V-E Day—except 
in chemicals, textiles and forest 
products. 


will surpass 1942 
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Some Alloys Controllable After V-E Day 

After V-E Day it appears that con- 
trols will have to be retained over 
production and allocation of some 
alloying elements, such as. nickel, 
chromium, molybdenum and cobalt, 
in cases where there is short sup- 
ply or where materials are used 
other than for steel making, accord- 
ing to John H. Stapleton, Distribu- 
tion Branch, Steel Div., WPB, i 
addressing the Steel Mill Mainte- 
nance & Repair Industry Advisory 
Committee, W PB. 

Steel industry members expressed 
themselves as being greatly concerned 
over the manner in which the V-E 
Day announcement will be made. 
Various committee members stated 
that they were trying to arrange with 
certain reliable employees to stay on 
the job when the announcement came 
so as to prevent damage to machinery 
and equipment that would result 
should everyone quit work. Blast 
furnaces must be kept in operation. 
Heats must be tapped from open 
hearths and electric furnaces. Soak- 
ing pits and heating furnaces must 
be emptied and the ingots, blooms, 
slabs, etc. finished. Widespread dam- 
age to facilities could result if pro- 
visions are not made to keep in the 
plant a minimum force to look after 
the essential operations that cannot 
be stopped at a moment's notice. 


That Metal Show Monstrosity 


Some 50,000 attended the National 
Metal Congress at Cleveland in mid- 
October, or twice those at the 1943 
‘Chicago show. Men (and women) 
with Metal Show badges were bulg- 
ing out of hotels, rooming houses, 
private homes and the lake passenger 
steamer, Greater Detroit (at $8 per 
bunk—night). You walked aimlessly 
down the streets to: (1) find a vacant 
table in a restaurant, and (2) find 
cigarettes. You eventually accom- 
plished (1) but as to (2)—"“No Cig- 
arettes, Sorry” greeted you on signs 
at all tobacco stores. 

On a back street you perhaps en- 
countered an eating place—the name 
is vague in your memory, perhaps 
“Greasy Joe's.” A cat is curled up 
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in run-ny white paint "Ms “Merallur- | - baths, 


gists, Welcome!” (If that's metal- 
lurgical style, you're glad you're an 





The “Ayes” lav It! 

“W hat.term or phrase should ~ 
be applied to the subzero treat- 
ment of steel, gentle reader?’ 

That question we propound- 
ed in our October issue, Gentle 
Reader H. D. Stephens, assistant 
chief metallurgist, New Depar-~ 
ture Div., General Motors Corp., | 
Bristol, Conn., has been awarded | 
the 2,000,000-volt X-ray for 
the best term, in the opinion 
of the edstors.. He not..only 
presented a well-designed. 9- 
letter word, but improved its 
physicals through shot. peening 
done by Poetic Muse & Co. 
We present it im an..“as. is” 
condition: 

“Normalize and spheroidize 

Austenitize and carburize 

So why not now extemporize 

And coim a new word, ‘Frig- 

idize?” 

Then all who read may recog- 

nize 

A way to say Martensitize; 

A process one can visualize 

Who looks with metallurgist’s 

eyes.” 

We suppose. that. hereafter 
the metallurgist’s “formula for 
success will be; 

“Early to bed; early to rise— 

Work lke H 

And Frigidize.” 











engineer! ) fee's) 


z ate ost 


_ castings, surface sateen and coating. 

















Auditorium is breathtakingly big— 
30 to 40% larger than ever before 
as to space and number of exhibitors. 
You marvel at the exhibit room un- 
derground and extending a third of 
a mile beyond the building itself. In 
some sections there are no straight 
aisles—you zig zag im a veritable 
labyrinth of booths. 

There are styles in displays, as in 







hing 5 diay hot dip 
protection, new salt 
€SSeS, ceramic 


heating “just like Tiuice,” 
strong aluminum alloys, Becing 
| g furnace exhibits, 


We sat through a Ryerson demon- 


‘stration of Jominy hardness testing, 


watching the white hot steel bar be- 
ing quenched and gradually turning 
to silver—then tested on the Rock. 
well machine. 

Interesting meetings we attended 
were on trends in metallurgical hea 
ing, quality control, sub-zero tre 
ments, surface new alum 
num alloys. The radiographers were 
out in force. Their little society bids 
fait to become an important factor 
in their industry. 

Distinctly’ worthwhile was the 
meeting of the Metal Powder Assn 
featured by a sincere and warn 
stimulating talk by Dr. Leach, 
Handy & Harman, on the past a 
future of powder metallurgy. 

But, gosh! It’s all too big to di 
scribe here. Tongues do wag and 
say it’s all too big—thar it should be 
exclusively an ASM show—leave out 
the other four. Readers, your opin- 
ion, please! 


peening, 


“Cold Treatment’ 


Since writing the piece in the box 
on .Frigidize,’, which appears to the 
left on this page, we have received an- 
other name suggestion for sub-zero 
treatment of metals—this time from 
George H. Biertnan, chief metallur- 
gist, “Amertorp Corp., Forest Park, 
Ill. He says: 

“In the past 


we have’ always 


referred to heat. treatment as afy 


process where material was heated 
substantially above room tempeta- 
ture. Now it seems to me that the 
shortest general term for cold treat- 
ing substantially below room temper- 
ature would equally well be covered 
by the term, ‘Cold Treatment.’” 

Well reasoned out and well ex- 
pressed, George! 
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Gad, What Showmanship! 


The Barnum of the welding in- 
dustry is the Lincoln Electric Co., 
Cleveland, who have crashed through 
with as neat a bit of showmanship 
as we have seen since Grover Whalen 
of New York welcomed visiting Roy- 
alty. No, Lincoln is not going to 
straighten the Leaning Tower of Pisa. 
Guess again! No, he is not going to 
sand blast the Pyramids. 

Lincoln would weld the crack in 
the Liberty Bell. He has made the 
proposal to Congress. He would do it 
in time to ring in the victory over 
Germany. W, J. Conley, Lincoln’s 
welding engineer, with excitement in 

s voice, says: “Full tone can be 

stored by arc welding. The long- 

ushed symbol of liberty could again 
proclaim Liberty throughout the land 
by the, miracle of radio. Congress 

ight well appoint a committee of 
experts from the American Welding 
society to take action.” 

Here are the essentials of suggested 

srocedure.. A. %-in. hole should be 
lrilled at the-upper end of the crack 
ver the crown to make certain as to 
he exact location of the end of the 
rack, Preheat the whole bell between 
00 and 300 F. with burners inside 
‘he bell while welding outside. Mount 
the bell so that welding beads can be 
placed alternately, first from the out- 
side, then from the inside to equalize 
shrinking stress. Since the casting is 
20% Sn, peening must be controlled 
so that hammer blows will not injure 
the metal. 

Carbon electrodes, ¥% or 4 in, 
should be used in water-cooled hold- 
ers so that larger amperage direct 
current can be applied. Filler metal 
should be 20% Sn-80% Cu, same as 
the bell. The bell weighs just over 
one ton, is 12 ft. in circumference 
around the lip, and 7 ft..6 in. around 
the crown. 

Not. since. experts cut. the Hope 
diamond would there be so much ten- 
sion during proceedings! 


Testing Shells by Sound Waves 
Occasionally a publication “rings 
the bell” in eliciting reader-interest 
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far and beyond what the editor had 

, This happened to our 
publication in the June, 1944 issue. 
But when we rang the bell, certain 
overtones or vibrations were missing, 
to the annoyance of our readers. 





by the Ordnance Dept., Army Service 
Forces. 

The instrument distinguishes and 
measures the frequency of the sound 


wave, its amplitude and duration of 
the sound. The shell is bounced 
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"It took time—but bere’s the female plug you asked for.” 








Many were the letters we received 
for further information. Because of 
this response and to supply in print 
the missing information, we publish 
this little piece. 

A short article in our news sec- 
tion was headed, “Testing Shells by 
Sound Waves.” An instrument, known 
as the “Sonotest,” tests 20-mm. shells 
by an analysis of sound waves gen- 
erated by striking or dropping the 
shell upon an anvil. It is sponsored 


twice upon the anvil, first upon its 
base and then upon its side. Up to 
1800 shells per hr. can be inspected. 
A green light indicates acceptance. 

This news came to us from the 
War Department, Public Relations 
branch. The chief questions we were 
asked by many readers were: “Who 
makes this instrument?”, and “Where 
can we get additional details?” We 
referred all letters to the Ordnance 
Dept. At length it dawned on us 
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that we ourselves better take steps 
to get more details, 

In due time we received the fol- 
lowing letter from a Captain, assistant 
to Major-General G. M. Barnes, Ord- 
nance Dept.: 

“This equipment is manufactured 
by the Vendo Co., Kansas City, Mo. 
A full description of how it operates 
is given in the ‘Army Ordnance Jour- 
nal’ of January-February, 1944. At 
the present time this method of test- 
ing shells is not used by the Ordnance 
Dept.” 

Meanwhile we have received a 
letter from Alex Izzard of the Vendo 
Co., stating in part as follows: “For 
awhile several of these units were 
in use by ordnance plants testing 
20-mm. shells by supersonic sounds 
emitted by these shells—the machine 
being set for frequencies given off 
by the good shells. Those which were 
cracked were rejected. However, as 
this instrument did detect only gross 
cracks and loose bands and not di- 
mensional errors, the units were 
withdrawn for further development. 

“To this date very little progress 
has been made in adopting this 
method to detect dimensional errors. 
We do not imply that the sonic 
method of testing is not applicable— 
but rather that we are still in merely 
the exploratory stage.” 

The device originated from at- 
tempts to find an automatic method 
of refusing bad coins and making 
change for bottled drink vending 
machines. Hence, the postwar appli- 
cation of this shell tester would seem 
clearly indicated. 


Peace and the Technical Press 


“How many potential technical 
articles On matters now secret does 
your company have up its sleeve?” 
we asked the head of the public re- 
lations department of one of our 
largest industrial companies recently. 
He scratched his head and wrinkled 
his brow, then came out with: “About 
300. But the trouble is, you tech- 
nical editors will not be interested 
because the war will be over and 
your readers will be eager for only 
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peace techniques and production.” 

That expresses the crux of the sit- 
uation among the technical press 
generally. The world will be war 
weary. and will want to forget it all. 
However, a great majority of the im- 
proved techniques will carry over 
into peace. The smart editor will 
* perhaps slant his article into peace 
channels, mentioning, perhaps casu- 
ally and incidentally, that this was 
the method used in making shells, 
gun barrels, grenades, etc. 

In short, the dove of peace will 
exude from the immediate postwar 
articles, but it will be noted that the 
dove has several strong likenesses to 
the war eagle—perhaps the eagle's 
beak and claws. 


Tank Gun Gyro Stabilizers 


A small boy would haye given his 
best red yo-yo to have been where 
a group of us were—riding in and 
on a light military tank on the prov- 
ing ground back of Westinghouse’s 
Springfield, Mass, plant. Holding on 
to any handy rail or knob, in typical 
street-car-rider style, we charged the 
target, yelling: “Hitler, here we 
come!” It was a demonstration by 
Westinghouse of the marvelous tank 
gun gyro stabilizer. 

At 15 mi. per hr. over typical ter- 
rain, the device provides 70% hits 
from 1200 down to 300 yd.; without 
the stabilizer, under 1% hits result. 
Formerly, of course, tanks stopped to 
shoot. Now we fire on the run. 

In operation, six fundamental func- 
tions are performed when the tank 
pitches: (1) the gyro control is 
slightly displaced from its former 
vertical position; (2) the resulting 
precession of the gyro makes elec- 
trical contacts, shortening resistance 


through the “silverstat” (or rheo- . 


stat); (3) the changed current alters 
the two electro-magnets regulating 
the teeter valves; (4) the operation 
Of the oil valves decreases the pres- 
sure on one side of the hydraulic 
piston (fastened to the gun breech) 
and increases the pressure on the 
other side; (5) the piston is forced 
toward the low pressure side; and 
(6) the movement of the gun is con- 


trolled accordingly, since the piston 
is fixed to. the gun, 

The stabilizer not only satisfied 
field conditions but surpassed original 
requirements. In general terms, the 
result is the stabilization of a com- 
poment mass with respect to space 
when mounted on the principal, moy- 
ing mass. To Clinton R. Hanna, 
Westinghouse research engineer, goes 
most of the credit. He started work 
on the stabilizer in 1939, and it was 
first put to use in 1942. Every U. S. 
tank overseas is so equipped, and 
units are being supplied to Britain 
and Russia, 

The gyroscope holds movement of 
the gun to only 1/16 in., up or down. 
In 1936, Mr. Hanna invented a d 
vice to equalize the speed of roller 
motors in a steel mill. A postwar 
application may be stabilization of 
railroad cars and automobiles by gyro- 
scope, about 3 h.p. being needed. 

Mr. Hanna based his device on 
Sir Isaac Newton's “First Law of 
Motion,” formulated in the 17th 
Century. Thus, every body continues 
in its state of rest or uniform motion 
in a straight line, unless it is com- 
pelled by force to change that sta:e. 
According to that law, the gyroscope 
has the tendency to maintaig its di- 
rection in the axis of rotation. 

We asked a foolish question: “Why 
not stabilize the entire tank for the 
comfort of the crew and accuracy of 
firing?” “Because the floor of the tank 
must rise and dip with the terrain— 
otherwise it would not clear obsta- 
cles,” we were told. 

There is an important difference 
between this gyro and that used to 
stabilize ships. In the latter, the gyro 
does all the work, meaning massive 
flywheels and weight, often consid- 
ered dangerous as the massive’ metal 
might chunk off under the terrific 
centrifugal force, break the ship and 
injure passengers. The tank gyro is 
merely a pilot, with other equipment 
to exert the stabilizing force. Hence, 
this gyro is much smaller—about 8 
in. in diam. 

We hear the Germans tried gyros 
on submarines, actuating dorsal fins, 
rudders or flat surface stabilizers— 
but not very successfully. 
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Materials and Methods: One Problem, One Publication 


If the war has revealed anything about the engi- 
ered production of manufactured products like air- 
ift, ordnance, motor vehicles, electrical equipment, 
chinery, castings, forgings, and similar things, it is 
that the key factors in most efficiently obtaining 
best possible product are the materials of which it 
ade and the methods used to process and fabri 
those materials into the finished article, and 
that these two factors—engineering materials 
processing methods—are increasingly so inter 
ven as to become inseparable from the engineering 
int of view. 

The first conclusion—that materials as such and 
nethods as such are the most important engineering 
lements that affect product quality and production 
thiciency—is not new to most thoughtful observers 
f manufacturing trends in the past 20 years. For 
example, without such materials as alloy steels, strong 
luminum alloys, plastics, stainless steels, high-strength 
ist irons, special zinc alloys and engineering bronzes 
ve could have had nothing like the automobile en- 
gines, fast aircraft, transparent bomber noses, acid- 
resisting pumps, machine tools, die castings and rust- 
tree bolts that we do, to name only a few. Similarly 
such innovations and improvements in methods as 
welding, carbide-tool machining, continuous rolling, 
centrifugal casting, powder metallurgy, injection- 
molding and infra-red drying have speeded (in some 
cases have even permitted) the production of ships, 
machine-parts, steel sheets, cannon, self-lubricating 
bearings, ammunition rollers and soldier's helmets. 

But the second observation—the close interrelation- 
ship between materials and methods and their emer- 
gence as a single problem that depends on a single 


NOVEMBER, 1944 


individual, or a closely-knit group of individuals in a 
given plant for its solution—is only now becoming 
generally recognized. Actually it is seldom possible 
today to specify just the material for a particular 
product. The engineer must also indicate the method 
by which is to be fabricated. This choice in turn 
must be based on the processing equipment available 
in the shop, and on the workability of the material by 
that method and on that equipment. 

And on the other hand the production engineer 
or technical operating executive—the methods man 
must know his materials as he never did before. The 
very existence of such terms as machinability, harden- 
ability, weldability and forgeability reflects this fact. 
If the material choice was poor from his standpoint, 
his production operations break down and rejections 
or low output result. He has to change his heat treat- 
ing cycle or even his basic process or atmosphere if 
there is a change in material; every material being 
machined requires its own speed, feed and rake angle; 
some metals are easily electroplated, others necessitate 
special baths, setups or intermediate layers; certain 
types of forging presses or hammers are better for 
light metals and others for steels. There is no such 
thing as a standardized processing method applicable 
without change to many materials, nor a single mate 
rial that 15 


0 fool-proof as to be workable im ever) 
processing method or type of equipment in which i 
is tried. 

Beyond all that the engineer knows that the ulti- 
mate properties of the material in his product may 
often depend completely on the processing methods— 
e.g. heat treating, shot peening, surface coating, weld 
effects, forging, etc—applied to it. And coriversely 
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SPECIAL 
ALLOYS 


save time and money 


use the RIGHT bar 


and engineers will be glad to work with you. 


When specifications call for bar steel, phone Ryer- 
son. You’ll save time, trouble and money —get the 
bar exactly right for your job—because Ryerson 
stocks include practically every shape and size of 
bar, in practically every analysis of steel now 
available. Whether its straight carbon or alloy, hot 
rolled, cold finished or heat treated, Ryerson has 
the right bar in nearby stock and will ship at once. 

Why go elsewhere when the nation’s largest 
steel stocks are your surest source for just the bar 
you need. 


If you have a question of steel selection or 
application, experienced Ryerson metallurgists 


There is no obligation. Inquiries as well as orders 
receive prompt attention. 


Ryerson Bar Stocks Include: 


Round Edge 
Screw Steel 
Shafting 

Spring Steel 


Aircraft Alloys 
Allegheny Stainless Free Cutting 
Alloy Gagger Bars 
Bevel Edge Galvanized NE Alloys 
Carbon Steel Hexagons Octagons Stainless 
Coal Screen Half Ovals Ovals Stressproof 
Cold Finished Half Rounds Pickled Steel 
Cold Twisted Heat Treated and Oiled Threaded 
Forged Hi-Steel Reinforcing Tool Steel 


Forging Quality High Carbon 
Hot Rolled 
Mild Steel 


Shapes, Plates, Sheets, Tubes and many other steel 
products are also in stock for quick shipment. 


JOSEPH T. RyERSON & Son, Inc. Plants: Chicago, 
Milwaukee, Detroit, St. Louis, Cincinnati, Cleveland, 
Pittsburgh, Philadelphia, Buffalo, New York, Boston. 


RYERSON STEEL-SERVICE 
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he knows that the material requirements may dictate 
the choice of method (as with Vitallium precision 
castings or electrical contacts by powder metallurgy), 
or that a narrowing of method to those few that can 
handle the geometric shape of the part also narrows 
the material-choice to those materials that are amen- 
able to these methods. 

In a nutshell, the choice of engineering material 
profoundly affects the processing methods used, and 
on the other hand the choice of processing methods 
and equipment can make or break the material's 
final performance. The two choices are therefore more 
and more being made by the same man or group of 
men in close consultation. Recognizing this and sensi- 
tive to its obligation to keep editorially abreast of 
broad trends in its field, MBTALS AND ALLOoys will 
increasingly concentrate (as it has tended to concen- 
trate for the past few years) on the single broad field 
represented by engineering-materials-and-processing- 
methods. We will specialize more and more in helping 
engineers and technical production men in the metal- 


working industries to solve the problems of “What 
material shall I use?” and “What manufacturing or 
processing methods and equipment are best for a 
given material or job?” We will analyze and present 
our editorial material from that viewpoint and wher- 
ever possible develop and interpret the tie-up between 
materials and methods as we see it. 

There are many excellent magazines serving the 
metal-working industries—some concerned primarily 
with design (including materials), others with plant 
production methods, others with metallurgy. METALS 
AND ALLOoys because of the inevitable convergence 
of these interests now crystallizes and redefines the 
editorial policy it has been shaping in recent years— 
a policy of correlating the functions of design engi- 
neering, production engineering and metallurgical 
engineering involved in the selection of engineering 
materials and processing methods in the metal-work- 
ing industries. 


—F. P. P. 


Steel Quality in One Man’s Lifetime 


A grand old man we know recently died at the 
ze of 80 after a full and panoramic career in the 
ron and steel game. He had lived during, and to 
me extent worked with, three successive stages of 
reel metal inspection and classification practice. As 
boy of 14 he frequented the docks where he broke 

and classified pig iron just arrived from Scotland. 

e graded the iron by the appearance of its fracture. 
fter apprenticeship on the docks, he donned long 

nts and took trips up the Hudson to sell pig iron 

the many small foundries that dotted the Hudson’s 

ores. But that is another and interesting story. 
_ At the time that this g.o.m. was squinting at prosaic 
pig iron fractures, other men of the horse and buggy 
lays were at the Bessemer plants, deciding when 
enough blast had passed through the converters by 
the exact shade of color issuing from the converter's 
mouth. In short, grading of iron and estimates of 
completed Bessemer heats were entirely rule-of- 
thumb, dependent entirely on the well known “hu- 
man equation.” 


Time passed and the g.o.m. no longer graded the 
iron by fracture. His customers were now chemistry- 


wise and they ordered their pig iron according to 
percentages of silicon, sulphur, phosphorus, etc. Steel 
and other metals were being ordered now by chemical 
analysis. 

But this g.o.m., who attended yearly meetings of 
the American Iron and Steel Institute, learned during 
his closing years at the technical sessions and through 
technical publications and the gossip of the trade of 
the No. 3 technique—the specifying of iron and steel 
by its indicated performance, with disregard for 
chemical composition. He heard of Jominy tests and 
TTT curves. 

Meanwhile g.o.m. had learned that the human eye 
is no longer depended on to gage the end of the 
Bessemer process. The electric eye, or photoelectric 
cell, does that more accurately. 

Probably there were times when g.o.m, suffered 
twinges of homesickness for the good old days. Much 
glamor, gambling, and reputation for skills have 
passed. Steel and the metal-working industries have 
become coldly scientific. Yet who would really want 
to go back to grading pig iron by fracture? 

—H. A. K. 


Reservoirs of Vital Minerals 


Possible rapid depletion of our reserves of strategic 
and other war materials, should the present war con- 
tinue indefinitely, is a source of no little thoughtful 
anxiety for many close to the metal industries. The 
present consumption of iron ore, steel, copper, lead, 
zinc and so on is beyond the realistic comprehension 
of the average citizen. It is not beyond the realm of 
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possibility that mew sources for some materials out- 
side our borders may have to be sought. 


In this connection we read recently, in one of the 
Industrial Bulletins of Arthur D. Little, Inc., the fol- 
lowing paragraph which interested us keenly: 


(Continued on page 1326) 
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Lead coatings often see front line war action. Here a walkie-talkie is lead-coated, the action being at Bougain 
ville. Tanks had been called on to knock out Jap positions. Signal men in the foreground are giving a blou 
by blow description to headquarters. 


Lead Coatings on Steel 


b y H ‘ R 0 L D 4 : k N G H T News Editor, METALS AND ALLOYS 


HOUGH LEAD COATINGS have been promoted dur- 

ing this war to save more critical metals such as 

zinc, cadmium, chromium and tin, and hence might 
have the somewhat degrading standing of a mere sub- 
stitute, lead coatings are found to have considerable 
merit and for many uses do not have to be relegated 
to second place. 

As Clinton H. Crane, president, St. Joseph Lead 
Co., said in a speech last spring: “All matter is com- 
posed of electrons whirling around protons. Each 
particular molecule is more suitable for some certain 
purpose than any other.” Apparently those who have 
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worked in the development of iead coated steel have 
faith that the lead molecule, as armor to the various 
molecules in steel, has a good future. 

The lead or lead alloy coating over a properly pro- 
duced base metal (a pioneer producer uses special 
analysis low carbon open-hearth steel) possesses a 
high degree of workability, withstanding severe de 
formations without injuring the coating, due largely 
to the soft and ductile lead. Lead covered sheets 
solder easily and rapidly with less than the usual con- 
sumption of solder. Since the lead is an effective 
lubricant (witness deep drawing of steel shell cases ),, 
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it is effective in die forming, stamping and spinning. 

Lead does not corrode or weather away through 
galvanic action when in contact with steel. Sheets 
spot weld fairly readily, at least where smaller elec- 
trodes and higher current density than usual are em- 
ployed. It takes and holds paint and synthetic en- 
amels without priming coat and without any prepara- 
tory treatment other than usual removal of dirt and 
greases. Lead-coated steel is especially well_ adapted 
for heat duct work as the coating does not flake or 
scale off when heated. In certain places, such as wet 
battery clips, it maintains uncorroded electrical con- 
ductivity longer than other metals. Applied to bolts, 
it has a gasket effect and holds bolts tight into place. 

In the prevailing hot dip method of application 

fuel costs are low due to low temperature needed and 
there is little dross loss. Damage to pots is negligible. 
Pig lead is the cheapest of coating metals. When elec- 
troplating with lead an important consideration is 
that the electrochemical equivalent of lead is the 
highest of any common metal except silver and gold. 
Thus, at the same current densities, lead deposits will 
be more than twice as thick as zinc when plated for 
the same length of time—and thick plates are prac- 
ical, at least from the cost standpoint. 

In the case of the lead alloy of the National Lead 
o., No. 560 (low tin and antimony), the alloys 
ecome harder with age, increasing from 12 to 20 

Srinell (500 kg.) after two or three days at room 
emperature. This makes for good abrasion and me- 
nanical injury resistance. Elongation values approxi- 
vate 39%. The tensile strength of chemically pure 

ad is 1800 p.s.i. whereas that of No. 560 is 6500 
Side 
On the other hand, lead coatings have their limita- 
ns, too. The Continental Steel Corp., Kokomo, 

1., which has been experimenting with lead as a 
ating metal for steel for 12 yr. frankly says: “‘Lead- 
ealed’ sheets are mot recommended, at present, for 

food containers; for roofing, unless painted; where 
ater is gathered for drinking purposes; for laundry 
quipment or for other applications where intermit- 
tent use of steam or hot water is encountered. Ex- 
perimental work is being carried forward to develop 
turther facts regarding these and other possible uses 
for this product.” 


cxamples of Applications 


The National Lead Co., which is in the forefront 
of the lead coating development and which has done 
a good job in organizing and assembling its informa- 
tion, lists a “few examples” of uses for lead coated 
materials: 


I. General: Gasoline tanks, radiators, barrels, drums, 


cans, oil containers, laundry machinery floats, boat brackets, 
sheet and strip. 


II. Agriculture: Fencing, farm equipment. 


III. Air Conditioning: Ducts, convection coils, heating 
coils. 


IV. Electrical: Small radio parts, radio housing, pole 
line hardware and battery handles and parts. 


_ Usually hot dip coatings of lead alloys have been 
limited to the so-called terne alloys, composed of lead 
and from 18% to 25% Sn. The use of electro- 
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deposited lead as a protective coating first came into 
prominence during World War I, where its unique 
chemical resistant qualities made it adaptable to lin- 
ing of gas shells, boosters and other parts in contact 
with chemicals. After the war in this country lead 
coating declined to certain specialized uses, particu- 
larly where resistance to sulphuric acid was desired. 
However, in Europe lead coated steels have been used 
much more widely than here. 

Thus such coatings are used on structural members 
in the building of railroad stations, tunnels and 
bridges and on railroad screws, bolts and nails. The 
German State Railways specify exceedingly thick 
coatings on structural parts which have to stand up 
in this very severe service—a coating 0.012 in. pro- 
viding an expected life of 10 to 20 yr. against 3 to 5 
yr. for the best paint coatings. Switzerland uses this 
material widely, such as at power stations and on 
transmission equipment, structural parts for factories, 
foundries and chemical plants. Thicknesses of coat- 
ings vary from 0.008 to 0.12 in., the last for chemical 
uses. 


Classifications—Materials, Methods 


In the United States lead coatings fall into two 
divisions, no matter what classification one has in 
mind: First, there are commercially pure lead coat- 
ings, such as applied by the Western Electric Co. in 
making pole line hardware, 60% of which is now 
being pure-lead coated; then there are the more 
common lead alloy coatings, containing one or more 
of the following: Tin, antimony, silver and zinc. 

Again, first there are the hot-dip coatings, where 
recent developments have been the more publicized 
and then the electrodeposited lead. 

The National Lead Alloy No. 560 is described as 
containing 95% Pb and 214% each of tin and anti- 
mony. The American Smelting & Refining Co. pro- 
duces “Plate-Loy,” containing: Sn, 2 to 214%; Zn, 
1%, and Sb, 1%, added to commercially pure lead. 
The Weirton Steel Co.’s coating contains: Sn, 2 to 
214%; Sb, 2 to 214%; Ag, 0.25 to 0.50%, using as 
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Western Electric was one of the first to use lead coat- 

ings for telephone pole line hardware. Here the coat- 

ing material is commercially pure lead, though usually 
a lead alloy is used. 


Power pack cases and radio chassis of fabricated steel 
lend themselves well to such coatings. 


a base either hot rolled or cold reduced basic open- 
hearth steel sheets of, say, 0.10 max. carbon. 

The silver has a particularly happy affinity for the 
tin and enhances the bonding qualities of the coating, 
in the opinion of Alex Stewart of the National Lead 
Research Laboratories. It adds to the adhesion quali- 
ties of the coating, promotes wetting and, most im- 
portant, it adds to corrosion resistance. 

The tin provides wetting, among other imparted 
qualities, though electroplated lead requires no tin for 
coating steel. Bruce W. Gonser, Battelle Memorial In- 
stitute, states: “We are currently advocating relatively 
high antimony content, such as a lead base with 8 
or 9% Sb and 1% Sn. The high antimony gives 
increased hardness, better resistance to weathering 
under hot humid conditions and somewhat better 
appearance.” 


Chief Blemish—Pin Holes 


One with only a casual knowledge of lead coatings 
immediately calls to mind the much publicized “pin 
holes” in the coating. However, all authorities appar- 
ently agree that if the coating is of proper thickness, 
say 0.0005 in., “pin holes” are not inimical to corro- 
sion resistance. Apparently “pin holes” are self-heal- 
ing. There is formed some kind of lead-iron oxide 
compound that resists further corrosive action. In 
fact pure lead itself oxides and immediately the film 
of lead oxide seals off against further Cofrosion just as 
happens to several metals, notably aluminum and 
copper, the oxide of the latter being known as 
“patina.” 

If pin holes exist the iron in the. base metal ox- 
idizes from the ferrous to the ferric form, according 
to Alex Stewart, which places the iron in a better 
condition to affiliate with lead to prevent further cor- 
rosion at the pin hole area. It is best to have a coating 
at least 0.0004 in. thick to provide sufficient alloy for 
the chemical combination with the iron. 

States Dr. Lyman J. Briggs, director, National 
Bureau of Standards: “In industrial atmospheres, evi- 
dently because of the sulphur-containing gases pres- 
ent, the ‘pin-holes’ are quickly sealed by the resulting 
corrosion products. In a less polluted atmosphere, the 
corrosion product from underlying steel serves the 
same purpose and the coating is apparently much 
more protective than its appearance might indicate.” 

The Continental Steel Corp. says: “By the ‘Lead- 
Sealed’ process these ‘pin holes’ have been reduced to 
a minimum, and it has been discovered that the 
brown discoloration is almost entirely on the surface 
of the lead coating and eventually disappears when 
the product of the lead and iron seal these smal! 
openings. The lead alloy coating remains to protect 
the underlying steel sheet for many useful years and 
does not disappear in the same manner as some of the 
so-called ‘sacrificial’ metals.” 

Albert J. Phillips, Research Dept., American Smelt 
ing & Refining Co., comments: “With pure lead it is 
difficult to get a coating 0:0005 in. thick and it is our 
contention, all other factors being the same, that the 
heavier the coating, the better the protection, particu- 
larly with regard to ‘pin holes.’ Even the best lead 
coating contains ‘pin holes’ and these, under many 
types of exposure, become stained due to rusting of 
the base metal. Frequently on the basis of a cursory 
examination, lead coated steel parts have been con- 
demned because of the appearance of this stained 
surface. Detailed examination frequently shows that 
the discoloration does not indicate a serious degree 
of corrosion of the base metal and the reaction fre- 
quently stops after a short time, possibly due to 
plugging of the ‘pin holes’ with the products of cor- 
rosion. Usefulness of lead coated articles, in spite of 
‘pin holes, has “been demonstrated amply and it is 
anticipated that as the public becomes acquainted 
with the properties of this material, further uses will 
be found.” 

And Bruce W. Gonser adds: “The number of ‘pin 
holes’ present is influenced, not only by the effective- 
ness in the fluxing and the preparation of the plate, 
but in the thinness of the coating. Although corro- 
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ad coated corrugated steel sheets on this foundry in Omaha have proved to be highly resistant to corrosion. 
Of course aw pollution by industries is probably not severe there. 


n tests are by no means complete, those of us who 

ve worked with lead coated steels feel that there 

juite a difference in behavior between lead coated 

nels of, say, 0.0007 in. and those of under 0.0005 

The. thinly coated material is still excellent as a 
se for paint, but tends to be too thin for long 

‘posure in weathering. 

“Means are being developed for at least temporarily 

iminating the tendency to rust at ‘pin holes’ on rela- 
ively short exposure to the atmosphere. There seems 

. be a tendency for the holes to heal, or at least get 

) worse, under continued exposure, as indicated ‘by 

ead coated steel panels which have shown no more, 

Peay less, rust after many years exposure than 

ter only a few months or a year. 

‘Burts and Schuh in the book, “Protective Coatings 
tor Metals” (Reinhold Publishing Corp.) state: “Lead 
film differs from that on copper, zinc and iron in that 
it becomes impervious to the constituents of the en- 
vironment and is of the so-called ‘self-healing’ type, 
of which the air formed film on aluminum, stainless 
steel and chromium are examples.” 


Comparative Tests With Lead 


The thickness of lead deposits is of no mean con- 
sideration. Lead coatings 0.00025 in. thick, exposed 
at a 45-deg. angle on a roof in the industrial atmos- 
phere of Detroit, showed rust spots after 3 mo. tests; 
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panels plated 0.0005 to 0.001 in. thick remained sub 
stantially free from rust after 10!2 mo. exposure 
under the same conditions. 

Zinc coating, 0.0002 in. thick, received the same 
exposure and protected against rust for 7 to 8 mo. 
For outdoor exposures a thickness less than 0.0005 in. 
of lead should not be considered, states Allen G. 
Gray, Electroplating Div., E. I. duPont de Nemours 
& Co., Inc., Cleveland, and for prolonged protection 
of ferrous metals exposed to weather conditions thick- 
nesses of 0.001 to 0.002 in. are recommended. Severe- 
ly corrosive conditions may require 0.004 to 0.008 in. 
coatings. In protected indoor exposures where 0.0001 
to 0.0002 in. cadmium or zinc were formerly used, it 
is probable that 0.0002 to 0.0003 in. of lead would 
prove adequate. Lead plated nuts and bolts usually 
have thickhesses of 0.0005 to 0.001 in. 

The exact thickness required to give an imperme- 
able coating will depend upon the smoothness and 
cleanness of the initial surface and the structure of 
the lead deposit. “In lead coating steel in general, the 
metal must be cleaned much more thoroughly than is 
necessary in galvanizing although the same technique 
may be used for most articles,” states A. J. Phillips. 

Sight changes of opinion on thicknesses occur as 
experimenters gain more experience. Early in their 
investigations researchers of the National Lead Co. 
had concluded that the standard minimum thickness 
should be 0.0004 in. for atmospheric uses and this 
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Sheets, wires and crudely coiled wires are here lead coated. Despite the bending of the wire the covering has 


not flaked off. 
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has been verified by actual experience though coatings ering without acid flux makes lead alloy coatings de 
0.0001 in. thick have proved successful when given sirable for electrical and radio parts. 
special chemical treatment. Several consumers use “Many fabricated parts which are spot welde 
this thickness of 0.0001 in. on several items where riveted, or hand soldered can be coated and soldere: 
only three months’ service is needed. National Lead at the same time, by simply tacking here and there 
emphasizes that lead alloy coatings for steel are for and then coating with lead alloy. The weight of lea 
| atmospheric uses only. Someday coatings for chemical coating is considerably less than zinc (due to thinne: 
and similar uses may be developed. coat), thus lightening the burden of carrying equip 
ment on the back of soldiers and sailors.” 
It has been found that while a lead-coated ste: , 
Fabrication Factors sheet can be easily spot welded to plain steel, it cann 
be spot welded to another lead-coated sheet, stat 
Shall we consider how lead-coated steel lends itself C. E. Heussner, Chrysler Engineering Laboratori 
to fabrication? An official of Master Metalcoaters, Detroit. “One can solder to lead-coated steel, but on 
2415 S. Prairie Ave., Chicago, states: “Appearance with some difficulty.” 
is bright to a semilustre, hardly distinguishable from States Gustaf Soderberg, technical director, Ud 
a cadmium or zinc plated finish. The coating of thread lite Corp., Detroit: “Under no circumstances shoul 
bolts makes a particularly attractive job. Ease of sold- lead-plated steel dome in contact with aluminun | 
; Pickling 
Small Shot- wane Electro+ iitahinbl muriatic 
> , de- > or rinse - " : 
parts blasting cleaning or sulfur- 
greasin tank pur 
| 
| | 
cee ae | 2 
ON EE Ge 
L a Cotch | | ; diter pote = if FlUK | see 
\ b> | pan: Hh pert YL, 0G Ce, Maier 
: \— | (worer procedure Sy bbe a 4/ muriatic 
as > ee | Gas ~*2<= ¢ Lead -alloy coating 
entrifuqge Separator : both a 
Inspection 
——-- 7— I of coated 
| parts 
Sawdust- filled } 
it nis i dilehienebeibiate <sishtasiibililiiiacnsadipalitinss, sali CE RIE ion.) 
Flow sheet of hot dip lead alloy coating of small parts. (Courtesy: National Lead Co. Research Laboratories) 3 
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Weirton Steel Co. features a lead-coated steel that 
can be deep drawn and formed into bends such as 
this elbow for a house downspout. 


Generally speaking, it should also be kept away from 


contact with zinc and zinc-plated parts, though one 


may expect that a small lead-plated part would not do © 


very great damage to a large zinc-plated part. 

“Lead-plated steel ordinarily would not cause ac- 
celeration of the corrosion of copper, iron, nickel or 
tin. These metals are protected in seacoast atmos- 
pheres and in rural and desert atmospheres. In in- 
dustrial atmospheres the lead may act either way, but 
n no case is the acceleration of the corrosion of either 
he lead or the four metals very pronounced. Hence, 

id-coated parts could probably be used in contact 
ith these metals with impunity.” 

As to processing of the steel base with lead or lead 
lloy coating, lack of space prevents a full exposition. 

n accompanying diagram of the National Lead Co. 

‘trays a typical routine. 

States John -D. Gold, assistant vice president, 
Veirton Steel Co.: “The process of coating sheets 

ries, depending on whether a galvanizing pot or a 
ng terne pot is used. Heavier coatings are applied 

the galvanizing pot method. Coatings of over 
oz. per sq. ft. are readily applied in using a con- 

‘ted galvanizing pot—and the coating is relatively 

.ooth. 

“When using the long terne pot an oil finish is 
iven to the sheet, and lighter coatings can be ap- 
lied. These coatings are very smooth and uniform. 
oatings of about 0.2 oz. can be applied using this 
vrocess. The pot is operated at about 35 F. over the 
iormal temperature of terne metal. In both cases a 
ood acid pickling precedes the coating. 

One of the main features of the National Lead 
rocess is an anhydrous flux, called “DW.” This is 
supplied in various types to operate over different 
temperature ranges, the most commonly used having 


Here transformer radio cans of lead alloy coated steel 
have a coating about 0.001 in. thick. 
















a melting point of 415 F. It is made and sold by 
National Lead. It floats readily on the surface of the 
lead, or alloy, bath; it is non-volatile and does not 
decompose upon continued heating. It can be used 
almost indefinitely, does not become viscous with con- 
tinued use and is easily removed from the article to 


be coated. 


Electroplating 


Lead can be deposited from a great variety of solu- 
tions including the acidified solutions of acetate, 
fluoborate, fluosilicate, nitrate, perchlorate and alka- 
line plumbates. In commercial practice only fluo- 
borate, fluosilicate and perchlorate have been used, 
the last more extensively in Europe. 

Electrodeposition of lead can be most successfully 
accomplished when plated from a lead fluoborate sol- 
ution, states John F. Beall, Harshaw Chemical Co. 
The bath is prepared by reaction of hydrofluoric acid 
and boric acid to form a complex compound, usually 
called fluoboric acid, HBF,. When basic lead car- 
bonate is dissolved in it, there results lead fluoborate, 
Pb (BF,)2. This is filtered and stabilized by excess 
of fluoboric acid and boric acid, the excess increasing 
conductivity and producing finer deposits. 

Lead fluoborate is preferred to fluosilicate solutions 
because: Steel can be plated directly, while the sili- 
cate needs a preliminary copper coating; fluoborate 
solutions are more stable; deposits are finer. A flu- 
oborate lead solution concentrate has been perfected 
that requires only dilution with water and addition 
of a little bone glue. The solution is 66 deg. Baume 
equivalent to 67 oz. of lead per gal. Operating ranges 
are from 13-32 oz. of lead per gal. For the same 
thickness of deposit it plates three times faster than 
nickel, has excellent throwing power, the bath oper 
ating with 100% cathode efficiency. Over 100 in- 
stallations are now in operation, nearly all in war 
work, doing everything from bolts and nuts in bar- 
rels to large pieces in huge tanks. 

The present duPont plating method dates from 
1938 and depends on commercial scale manufacture 
of sulfamic acid, a chemical that for 66 yr. had been 
a laboratory curiosity. The plating system consists 
primarily of an aqueous solution of lead sulfamate, 
with sufficient free sulfamic acid to make a solution 
having a pH of about 1.5 and containing selected 
addition agents. 

The Republic Steel Corp., Cleveland, is one of the 
latest companies to go into lead-coated sheet manu- 
facture, at least experimentally, using the electroplat- 
ing process. They are encouraging customers to test 
their product for uses for which they consider it 
satisfactory. 

Undoubtedly the end of the two wars will see 
more data released on the general subject of lead 
roe We are told by a Battelle Memorial Institute 
man: “Unfortunately the investigation work, both on 
aie and hot dipped coating, has been solely 
for the War Metallurgy Committee and all reports 
have been ‘Restricted.’” 

Quoting John F. Beall once more, for a con- 
cluding thought: “It is widely felt that lead plating 
will achieve an important position among metal fin- 
ishes when peace time is again restored.” 
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of Cartridge Cases 


Continuous Annealing 








o 
h y F l A Q EN C E A i M A lJ p E ° General Manager, The Drever Co., Philadelphia 


Typical of the engineering ingenuity that 
has been characteristic of America’s war pro- 
duction effort is this smart adaptation of a 
continuous convection type tempering fur- 
nace to the continuous annealing of brass 
cartridge cases. The furnace design and op- 
erating details and the results obtained are 
described. . 

~The Editors 


HEN AN EASTERN MANUFACTURER of brass 


lge cases was requested by the Ordnance 


Cartri 

Department to double his production, an addi- 
tional furnace to anneal the cases between draws was 
required. Personnel of the furnace section, salvage 
department of the Philadelphia Ordnance Division, 
assumed the responsibility of obtaining a suitable 
furnace from the list of canceled equipment in their 
district. 

A complete canvass was made and a contract 
awarded the Drever Co. of Philadelphia, to dismantle 
a Drever roller hearth convection-type furnace orig- 
inally designea for continuous tempering of armor 
plate, change it to use existing handling equipment, 
and erect it at the cartridge case manufacturer's plant, 
ready for production. 


Furnace Design and Operation 


The only design change in the furnace proper in- 
volved the method of guiding existing baskets which 
are used to convey the cartridge cases through the 
furnace. These baskets were designed for use with 
the original furnace in the manufacturer’s production 
set-up and were fabricated from alloy rod at a high 
cost. Alloy collars welded to the alloy rolls engage 
on the outside of the guide rods extending below the 
bottom of the basket and permit the weight of the 





loaded basket to be carried on the “runners” extend- 
ing the full length of the basket on tne bottom be- 
tween the guide rod and outside edge of the basket 
This is illustrated in Fig. 1. 

[he addition of the collars on the rolls necessitated 
a change in the wall and steel shell construction o1 
one side to allow for insertion of rolls. Some slight 
changes were made in the wall thickness and in the 
height of the throat arch to permit the loading of two 
baskets across the width of heating chamber. 

Of the material used in the construction of the 
furnace, approximately 40% of the dollar value was 
obtained from various canceled orders originally 
issued under United States Government igo 
The charge and discharge tables only had to be de 
signed and built new to fit in with the established 
production flow line. 

In operation, the baskets are automatically loade 
at the draw press, moved to the charge end of the 
furnace on a gravity roll conveyor and loaded on th 
charge table rolls by means of a traveling overhead 
hoist (Fig. 2). The baskets pass through the fur 
nace, are heated to the annealing temperature and dis 
charged, this sequence being automatic and continu- 
ous. To permit handling in a minimum time after 
discharge from the furnace, a spray quench, 6 ft 
long, equipped with hand-operated water spray mani 
fold on top only, is built over the discharge table 
approximately 2 ft. from the furnace. (Fig. 3.) 
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Fig. 1. Position of the baskets on the furnace roller. 
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Fig. 2. Charging end of the recirculating type roller 


hearth furnace for annealing brass cartridge cases. 
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Discharge end showing quench of the same 
furnace in Fig. 2. 


Emerging from this spray hood, the cooled baskets 
are individually lifted from the table by a traveling 
overhead hoist, tilted to drain off any remaining water 
and conveyed to the pickling tanks. To prevent 
spillage of cooling water on the operating floor, the 
entire discharge table is mounted over a properly 
drained concrete pit, whose sides extend 15 in. above 
the floor level. 

The furnace is designed to heat 7500 Ib. of brass 
cases and alloy baskets per hour but normal operat- 
ing practice as established from the start, produces 
9500 lb. and, when production demands, as much as 
11500 Ib. per hr. are discharged from the furnace, 
with no rejections from improper annealing. 
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The two-zone recirculating type furnace is designed 
for operation between 300 and 1200 F., and has a 
heating chamber 40 ft. long by 6 ft. 10 in. wide by 
15 in. high at the spring of the furnace arch. Two 
city gas-fired recirculating air heaters with individual 
combustion chambers and alloy fans for handling large 
volumes of air at a maximum temperature of 1375 F. 
are mounted on a fabricated steel structure above the 
furnace and independent of the steel furnace shell. 


Auxiliary Equipment 


Annealing temperatures in each zone are controlled 
by an indicating, recording, air-operated, poten- 
tiometer controller, each effecting control by auto- 
matic regulation of an air-actuated diaphragm, V- 
port, reverse-acting valve which controls combustion 
air flow to the burners of the heaters. A 4-point 
potentiometer recorder is also provided to check the 
temperature at each control point plus two extra 
points to record temperatures in the heating chamber 
or recirculating system under operating conditions. 

Each air-heater is also equipped with a millivolt- 
meter type indicating controller to protect the circu- 
lating fan. The thermocouple for this instrument is 
located in the discharge duct of the air-heater com- 
bustion chamber and should the temperature at this 
point reach the control setting on this instrument, the 
fuel supply is automatically shut off until the tem 
perature drops below the control point when the 
furnace temperature control instrument picks up the 
control of fuel to the burners. All pyrometric instru- 
ments are mounted on a panel at the charge end of 
the furnace in full view of the furnace operator. 

The gas burners on the air-heaters are protected 
against flame failure by a device that uses the flame 
to complete an electrical circuit. Included in this 
circuit are solenoid valves located in the gas lines to 
the main and pilot burners. Only when flame is es- 
tablished on the pilot burner is this circuit energized 
and the solenoid valves open, permitting gas to flow 
to the burners. A safety valve is installed in the main 
gas line to shut off fuel to all burners in case of a 
pressure drop in the gas supply or a power failure to 
the combustion blower. 

The two flame protection instruments and push 
buttons to start and stop the ignition system, circu- 
lating fan motors, combustion air blower and drive 
motor are mounted on an operating panel located by 
the pyrometric instrument panel. Also mounted on 
this panel is a tachometer indicating conveyor speed 
and a push button control to regulate drive speed. 

The rolls on the charge and discharge tables con- 
sist of standard 214-in. pipe with adjustable cast iron 
collars to guide the baskets. The furnace rolls are 
314 in. diam., hollow, of 25/12 alloy, each with four 
collars 644 in. od. by 3 in. wide welded to the rolls, 
properly spaced to guide two rows of baskets through 
the furnace is located a hand operated clutch to dis- 
one variable speed drive providing a roll speed varia- 
tion between 2 and 12 in. per min. At each end of 
the furnace a hand operated clutch disengages either 
table from the furnace proper should occasion demand 
it. All rolls are spaced on 9-in. centers and equipped 
with self-aligning anti-friction bearings. 
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Fig. 1. 





(A) The outer tube or white phosphorus container with aligner cap and collar brazed in place with silver 


alloy (Easy-Flo). The tube is 37 in. long and 1 in. id. 

(B) Outer tube assembly. Left: Silver alloy ring made of 1/16 in. wire, 1 in. id. and aligning cap into 
which inner tube fits. Right: Collar and 3.64 in. wire ring of silver alloy, 1 in. id. 

(C) Burster charge well assembly with cap and adapter brazed in place with silver alloy. 

(D) Inner tube assembly. Left: Cap and silver alloy ring, 1/32 in. wire, 9/16 in. id. Right: Adapter and 


brazing alloy ring. 


Induction Brazing 


of Bomb Burster Units 


FOURTH IN A SERIES OF ARTICLES ON INDUCTION HEATING 





vices in the American armed forces. It has been a 

key division of the Army ever since the Germans 
first opened up with a gas attack in World War I. 
But perhaps because of its spectacular outburst “chem- 
ical warfare” has always been associated with “gas.” 
Consequently, the public has not known of the really 
wide scope of the CWS. 

Even before we were ambushed into the war, 
chemical warfare had gone far beyond gas. It had 
covered the development of many types of munitions, 
ic had controlled their procurement, it had supervised 
the training of troops in their use, and today it covers 
actual combat on the firing line. These munitions 
include the 100 lb. chemical bomb with the M-13 
burster unit (the latter described in detail in this 
article), the 4.2 mortar, the 4.2 shell, the M-15 hand 
grenade, the M-54 thermite incendiary bomb, the gas 
mask and the flame thrower. 


[rsa WARFARE is one of the most notable ser- 
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With the advent of war, speed of manufacture 
became equal in importance to perfection of output. 
Both of these factors were achieved through the close 
and intimate cooperation between CWS and industrial 
engineers and metallurgists, among the foremost those 
who specialized in low temperature silver brazing. 

In the manufacture of Chemical Warfare products, 
joints must be sturdy, to stand the extraordinarily 
severe service in the field. At the same time they 
must be so designed as to make fabrication and 
assembly simple and practicable from a manufactur- 
ing standpoint. Also, parts must be removable and 
replaceable to facilitate quick repairs in the field made 
necessary by damage in action. 

Obviously, all types of assembly methods are used: 
unit casting, assembly by welding, brazing and sol- 
dering. The most practical for many purposes has 
proved to be brazing with low temperature silver- 
brazing alloys. It provides tight joints, free from 
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leakage, and with strength equal to the solid mate- 
rials joined. 

The vital need for silver in this form is made 
abundantly clear by the huge quantities used. For 
example, the burster unit for the 100 lb. bomb has 
four silver brazed parts and the total consumption 
will be well over 100,000 ounces of the silver alloy 
for one order of 1,600,000 bombs. Even before Pearl 
Harbor, the Chemical Warfare Service was using 
large quantities of silver brazing alloy. As an instance, 
they were making 20,000,000 incendiary bombs, us- 
ing for that purpose between 4,000,000 and 5,000,000 
ounces of a low temperature silver brazing alloy 
known as Easy-Flo. 


Fihis modern methae< 
"the Editors 





Silver Alloys Used for Brazing 


The Chemical Warfare Service has fully recognized 
the technical importance of this phase of their work 
by setting up rigid specifications for silver brazing 
alloys, as shown in the table. 


Table of Specifications and Characteristics of 
Silver Brazing Alloys 


U. S.Army 
Chem. 
Warfare Silver Flow 
Service Content Points 
Spec. of Alloys, Degrees 
196-13-80 Per Cent F. 


15 1300 
50 1175 
50 1270 
20 1500 
45 | 1370 
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Fig. 2. Inner and outer tubes arrive at the brazing station cut to size and are loaded onto alternate racks in 

he conveyor, which takes them to another floor and the cleaning machine shown here. Here the unbrazed 

tubes are degreased im trichloroethylene at a temperature of 160 F. Every other rack has been loaded with 

ubes which have already been brazed. Brazed and unbrazed tubes go through this cleaning process together, 
which is in effect the furst and last stage of the process. 
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Fig. 3. After aligner caps are inserted in the large 
tubes, the brazing surface inside the collar end of the 
large tube is brushed over with the flux (Handy-Flux). 
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Fig. 4. Rings of 1/16 in. brazing alloy wire, 1 in. id. 
are inserted in the collar end of each tube. 
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An Ordnance Dept. Tentative Specification (No. 
AXS-500) is applied to silver-brazing fluxes that must 
be fluid from 1100 to 1600 F. 

The low temperature silver brazing alloy used 
in the operations described in this article is known 
as “Easy-Flo” and the flux used is called “Handy 
Flux”—both made by Handy & Harman, New York. 

The chief components of the standard silver-braz- 
ing alloys are silver, copper, zinc, nickel, cadmium 
and phosphorus. Tensile strengths of these alloys in 
themselves range from 40,000 to 60,000 p.s.i. and 
when thin films are used to join metals they have 
the unique ability to give joint strengths far above 
their original strength, usually equal to .the strengths 
of the metals joined. Ductility ranges from about 
5% to over 35% in 2 inches; electrical conductivity 


_in a properly made joint equals that of copper, and 


color varies from yellow to white. A joint of almost 
any physical properties within these limits can be 
obtained by using the correct silver-brazing alloy. 

Perfect cleanliness of the joint surfaces and good 
fluxing are of utmost importance in silver alloy braz- 
ing. Flux dissolves any oxide that may form on the 
surface of the metal while pre-heating protects the 
heated surface from atmospheric oxidation, and facili- 
tates easy “tinning” by reducing the surface tension 
which aids the flow of the alloy. 

Contrary to the ideas of many unfamiliar with this 
metal joining method, silver-alloy brazing is not 
difficult. Any operator who has mastered fusion weld- 
ing and bronze-welding or who knows how to handle 
soft solder can manage it easily. Operators with no 
metal joining experience at all can be trained in a 
surprisingly short period of time. In many instances 
(as in the set up described herein) the heat for 
brazing may be supplied with virtually fool-proof 
control by induction heating methods. 

A step-by-step descriptive and photographic study 
of the induction brazing of the M-13 burster tube 
assembly for the CWS special 100 lb. incendiary 
bomb, using silver brazing alloys may help to demon 
strate for both design and production engineers the 
possibilities in this modern fabricating method. 

The CWS special 100 Ib. bomb is used by the Air 
Forces in raids to soften enemy strongholds and to 
support attacks by land and sea. It is a “thin case” 
steel bomb, designed to use a light burster charge 
and an instantaneous point detonating fuse. 

The bomb is loaded with incendiary filling. It 
has been used against oil refineries, oil dumps and 
ammunition dumps for starting fires to wipe out 
enemy supplies. Bombs of this type were used 
against the Rumanian oil fields in the Ploesti raid, as 
well as in attack on bridges, troop columns on open 
roads, troops in a defile, or in an assembly area. 

The adapter in the nose of this bomb is brazed 
to the body with a silver alloy and joined to this 
adapter is the M-13 burster unit which has four parts 
brazed with silver alloy. 


The Burster Tube Assembly 


The M-13 burster tube assembly is being turned 
out by Electromaster, Inc., Detroit, Mich., among 
other plants. The tubes which make up the assembly 
are cut to size elsewhere, and sent to Electromaster 
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5. Flux is brushed on the collars by the girl on the right. The operator then takes a collar from the tabl 
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Fig. 6. The large tubes are then placed in an induction heating unit (an Induction Heating Corp. machine) 
with the collar end down. The brazing alloy has previously been preplaced inside the tube. While the 8 
‘tubes at the left are heating the operator loads the 8 stations at the right. Heating time for brazing 8 tubes 


is 35 sec. Note heat marks on tubes being heated at the left and how close they are to the joints. 



























































Fig. 7. Fluxing the outside of the aligning cap and the edge of the tube. Fluxing is done after assembling the 
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Fig. 8. joining the aligning cap to the large tube, 
8 units are brazed at a time—while one set is heating 
and is loaded into another set of 8 coils and a ring 
of 1/16 in. brazing alloy wire 1 in. id. is placed on 
top of the joint. Heating time for 8 units is 28 sec. 
The heat is turned on by a lever in the center of the 
machine, and is automatically timed and turned off. 


int 


the 10tni 15 heated and the flux becomes liquid 1 


e@ clean surfaces required. 


to be assembled and made ready to be filled with 
their charge. There are two tubes; one, 37 in. x 1 in 
id. (the white phosphorus container) and one, 3¢ 
in. x 4 in. id. (the burster charge well assembly ) 
The tubes are brought to the brazing department by 
a conveyor from a degreaser, which removes al 
grease, oil, etc. 

The larger tube (the white phosphorus containet 
is capped at one end with an aligner assembly; 
the other end an adapter consisting of a collar witl 
inside The 
burster charge well assembly) is capped at one en 
and at the other end, an adapter consisting of a hollo 
plug, outside threaded at one end and with hex hea 
at the other end, is fitted over the end of the tube 

The small tube is fitted into the large tube with 
the capped end of the small tube guided into the 
aligner assembly at the closed end of the large tube 
The end with the outside thread and the hex head 
screws into the inside thread of the open collar. A 
tight fit is achieved by a soft lead washer between 
the hex head‘and a seat inside the collar. 

There are 14 operations on the large tube (white 
phosphorus container) and 14 on the burster charge 
well assembly (smaller tube). The various steps are 
shown in the accompanying illustrations and captions. 

Before the war this company manufactured electric 
toasters, electric ranges and stoves, electric tea kettles 
and hot water heaters. The conversion to war prod 
ucts was effected by the installation of the special 
conveyors, jigs and the induction heating units dé 
scribed above. After the war they expect to revert 
to their old products, using much of the new equip- 
ment, especially the induction heating units. They 
were familiar with silver alloy brazing before the 
war and expect to continue to use it, finding it much 
better for their purposes than welding. 


thread. is attached smaller tube (tl 
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Fig. 9. Burster charge well assemblies are made of 
smaller tubing—9/16 in. 0d.—and have a cap on 
one end and an adapter on the other. Before reaching 
the operation shown here the tubes are cleaned, re- 
moved from the conveyor and laid on tracks, and a 
ilver alloy wire ring 9/16 in. 1d. is slipped over one 
end. The cap is then forced onto the end of the tube 
ind the silver alloy ring slid into position against it. 
he other end—the adapter end—is next dipped in 
ux. Finally—as shown in this picture the fluxed 
ube is imserted in the adapter and is hammered 
against a metal bar to secure it in place. 








10. After the burster tubes have been placed in 

press and the cap adapter seated in place, the 

cap end of the tube is painted on the outside with 
flux. Girls perform this operation very rapidly. 


Fig. 13. For brazing the adapter ends, the burster 

tubes are inserted in another Induction Heating Corp. 

induction heater and a silver alloy ring is placed on 

top of the front. Eight units are heated at one 
time im 25 sec 





Fig. 11. The burster tubes are then inserted in yn 


tion heating machines for brazing the cap ends. Note 
the spring clamps—they are snapped into place for 


holding the tubes in brazing position. Ten units are 


brazed at one time on a double set up. One station 


is loaded while the other heats. Heating time. for the 


10 units is 11 sec. Heat is automatically controlled. 


All the operator does to start’ heating is push the con 


trol lever in the center toward the side to be heated. 


Fig. 12. Then the outer end of the adapters int 
the burster tubes have been pressed is painted with | 
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Fig. 14. The inner and outer tubes are washed in 
water to remove the brazing flux. 






Fig. 15. Inner and outer tubes are tested under water 
at 200 1b. air pressure. About 1% are leakers and 
requue reworking. On rare occasions when parts of 


— BN ise maximum tolerance limits come together a cap, collar 















or adapter will split and be rejected. Notice the girls 
in the rear of the test ing tanks who put the tested 
parts on the racks of the conveyor which takes them 
to the degreasing machine where they are given . 

a final cleaning. 4 





Nitriding Ferroalloys—A Correction 


In the article “Nitriding Ferroalloys” by R. H. 
and D. Steinberg, page 630 in our September issue, 
the composition data given in Table I were incor- 
rectly shown im some cases. There was actually no 
cobalt determined in the alloys and the percentages 
given as of cobalt should have been percentages of 
carbon 


The correct compositions are: 


a. V 38.25%, Si 8%, C 0.71% 
b. Zr 39.5%, Si 48.8%, Fe 11%, C 0.25% 





C Mo 61 >. C 0.0S9 
Fig. 10, The clean outer tube asse mbites and burster d. W 71%. C 1.259 
charge well assemblies are packed in shipping con- Ch 57%. Si 6%. C 0.27% ; 
. ' A » ; » & O; oh 
tainers ready for loading at another plant. Boxes after / NER 
ft. Ti 40%, C 0.04% 


sealing and marking are slid on to a conveyor which 
takes them down to the railroad loading platform. 


* 


C 0.83% 


“ 
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neral view of the centrifugal steel casting department of the Ukiaboma foundt 


Jnique Centrifugal 
steel Casting Method 


oy GERALD £. STEDMAN 


64° PHERE Is NO INDUSTRY that makes greater de- 
mands upon steel than does the oil industry to 
day. Deeper drilling, greater speeds, enormous 








There are sever . loads, heavier stresses necessitate higher tensile prop 
carrying out the ssmeet ugal casting ot stoi erties from the draw-works to the bit,’ Burtner 
and many beve been: described in past issues Fleeger, president of Oklahoma Steel Castings Co., 


Tulsa, Okla., remarked as I made my visit there 


of this magazine. But the technique for cen- 





trifugally casting steel sheaves and other parts mee | } ut | 
described in this article is one of the fastest ie modernity of the Oklahoma Steel Castings plant 
yet besa and should be of wide interest : layout, its extreme care in pattern making melting 
to foundre: ned with achiev- technique and casting procedure, certainly indicate 






duction output. the company’s deep awareness to quality casting re 
he Editors quirements of oil field and other equipment. The 
ie company now produces thousands of different types 
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A closed mold for a sheave casting to be cast n a 
entrifucal machine. 





The closed mold is transferred on rollers from the 
molding floor to the flask in which it is finally 
enclosed. 


of castings, varying from a few ounces to 4000 Ib. for 
many customers within a 600 mile radius of its large 
Tulsa plant. It is favorably known for its “Tuf-Wear” 
series of alloy steels, which now represent over 35% 
of the plant’s output. 

Better to serve its wide list of oil and railroad 
equipment customers, the company was one of the 
first foundries nationally to install a centrifugal cast- 
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ing department, which is now responsible for a third 
of its casting volume. Nathan Janco, widely known 
consulting engineer to American and Canadian 
foundries, inventor of the centrifugal casting ma- 
chines used by this company, and formerly advisor 
to the Oklahoma Steel Casting Co., states: “The 
company has one of the most advanced and best 
equipped centrifugal casting setups in the nation.” 
And he should know. 

It was, therefore, a distinct privilege which Anton 
Johnson, works manager of the plant, afforded in 
superintending personally the* observations upon 
which this article is based, and im ‘permitting a 
description for the first time of his centrifugal casting 
technique. He is an expert on foundry practise, with 
many authoritative articles on gating and feeding 
to his credit. 


Molding Practice 


The company standardizes entirely upon vertical 
centrifugal casting and employs the dry sand and 
mold practice. It casts valves, sheaves, tubes, gear 
blanks, sprockets and many special shapes. About 
the only type of casting that is poorly adapted to the 
centrifugal technique is one with non-uniform or 
too-thin metal sections such as would require special 
pads, auxiliary gates, chills and blind heads of to 
elaborate nature for economical cleaning, according t 
Mr. Johnson. 

The fact is that neither symmetrical nor cylindrical! 
castings are essential to vertical centrifugal casting 
Proper directional solidification can be arranged by 
auxiliary pads for unusual configurations and odd 
shapes. This article describes its production of sheave 
and is representative of other products. 

The patterns are mounted on 1 inch thick round 
plywood boards and inserted in cope and drag mol. 
boxes. The molding practice is not essentially differen 
from that used in static casting. Attendant phot 
graphs illustrate salient details. The dry sand metho 
is used in line with quality control, although in som 
respects more expensive. This permits harder ram 
ming and a tighter pack, which, in combination with 
lower speeds, tends to eliminate scabbing, cutting 
and erosion in the rotating action. Cores are made 
on Hermann jolt rollover draw machines and dried 
in Foundry Equipment Co. recirculating core ovens 
which accommodate the internal cores as well. Typs« 
of sand varies with the job, ordinary silica oil sand 
being proper for most specifications. The company 
uses Arkansas and Evansville types of these. 

The method of closing the cope on the drag varies, 
relative to size. Smaller matings are manually closed, 
using side hand holes. Larger matings are hoisted 
mechanically. Match-up of cope and drag is either 
by offset joint on the mold’s outer edge, or preferably 
by round tapered guide cores when the job permits. 
The cope and drag halves are held together by a cover 
which is placed*over the cope top and clamped by 
an arm fastened to the flask side of the centrifugal 
machine which is swung into position over the cover 
The fit is tightened by two tapered surfaces conjoin- 
ing, on the order of a cam, which forces the arms 
down on the cover. This cover has a center hole to 
accommodate the location of the runner cup. 


METALS AND ALLOYS 

















re 


ik Bee 


im 


te z2 


a eae 











LSA ARG eee 


PETROS 








A guard for the machine consists of a cover that 
fits over it, being raised and lowered by hoist on the 
monorail, directly over the center of the machine 
and into the runner cup. From the electric melting 
furnaces at the far end of the foundry, the metal 
moves to the centrifuging zone by transverse ladle 
on overhead crane, and from there into pouring 
ladles that are kept coasting between pours by natural 
gas torch. The rate of pour runs between 3 and 5 Ib. 
per second, the machine being in centrifugal rotation. 


The Centrifugal Machines Used 


The company maintains three 34-in. diam. and 
three 25-in. diam. vertical centrifugal casting ma- 
chines, facilitating molds up to 30 in. in height, made 
by The Centrifugal Casting Machine Co. of Tulsa. 
These are rapid feed, vibrationless, variable speed 
machines with precise control and with sturdy safety 
features. These machines have an extraordinary elec- 
trical driving unit which has complete rheostat speed 
ontrol from zero to 1700 r.p.m. Power is provided 
by a concentric two-shaft rfiotor; the first shaft being 
squirrel-cage-wound armature, the second an eddy 
urrent clutch. Another eddy current is used as a 
itch brake. This latter controls the excitation to the 
lutch which controls the current “talk” to the ma- 
ne, establishing the infinite speed control. The 
mntroller is rheostatic and mounted on a control panel 
hich also carries a tachometer to read machine speed 
; well as an ammeter, pilot light, push button 
arter and run-coast brake switch. 
The machine itself is serviced by a roller conveyor, 
ischarging onto a roller table of the machine inside 
flask body, accommodated by quick acting clamps, 
1at houses the mold which is properly covered and 
imped as described and encased in a guard. Sturdily 
ilt to be vibrationless, even when necessary to spin 
stings that are not symmetrically arranged about the 
is of centrifuge, these machines have many safety 
tures. The spinning action creates hazards of 
etal spraying from the runner cup or molds flying 
ff the table, against all of which the machines are 
ompletely fortified. 
Clocked with a stopwatch, the centrifugal casting 
ractice indicated an elapsed time of 90 sec. on the 
t-in. and 40 sec. on the 25-in. between spinning 
top, unload and recharging with fresh mold; the 
ictual time between guard on-off-on. This is fast 
vork; the average time elsewhere is around 210 sec., 
and in some instances, as high as 10 min. This speed 
naturally contributes to greater yield. 
_ Returning to the casting of the sheaves, having 
been loaded, centrifugally poured, and unloaded from 
the flasks by roller conveyor, they are sent to the 
cooling room and then to the Simplicity shakeout 
machine and are removed from it by overhead mono- 
rail hoist. The core lumps drop from the end of the 
shake out table, actuated by eccentric, into a hammer 
mill and then on to two vibrating screens, one 
l6-in. and the second of 20 mesh. The sand is 
then conveyed to the washer, cleaned and returned 
to reclaimed sand storage. 
“Steel can be poured colder by centrifugal casting 


than in the static practice,” Mr. Johnson emphasized. 


“Centrifuging also prevents cold shuts or wrinkles, 
adding greatly to appearance, which is pleasing to 
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The closed flask containing the mold is clamped I: 
down and the guard is ready to be lowered. t" 


The flask containing the mold enclosed in the guard 
and ready for pouring. 


the customer. Centrifuging during the pour causes 
the metal to flow immediately to the outside of the 
mold cavity. This first metal in the mold will chill 
first; the last entering metal will be in the center of 
mold and gate, establishing proper directional solid- 
ification which is, of course, as important in producing 
centrifugal castings as in static practice.” 


Some. Advantages 


Though generally understood, the advantages of 
centrifugal casting, because of this directional solid- 
ification, merit brief restatement. In static practice, 
the casting cools from inside and outside surfaces 
simultaneously toward the midsection, wherein im- 
purities are trapped, and dendrites forming from both 
surfaces, meet at the center; tending to leave a weak, 
“amorphous” structure. The centrifuging action, on 
the other hand, forces all impurities to the center 
where they are easily eliminated or thoroughly 
machined away. The dirty, unsound midsection is 
avoided. 

Trapped flaws are not hidden within the casting 
to be discovered only after much useless machining 
has uncovered them in the further fabricating process. 
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Dendrites are practically eliminated by the centrifugal 
force. A uniformly dense, fine grain structure results 
which has caused the process to be called by some 
engineers “liquid forging.” 

There is no columnar growth. The resultant tensile 
strength in some steels is improved because of the 
increased density and consequent homogeneity. Di- 
| mensions are more uniform. The centrifugal casting 
has equal strength in all directions. There is a 
tendency towards greater peripheral density which 
makes the centrifugal casting method preferred for 
gears, sprockets and pinions whose bearing surfaces 
receive wear. 

| This centrifugal moleculac compression on _pe- 

| ripheral surfaces, together with the purifying action, 

produces in effect a tougher case. Rather than to 
be parallel to the lines of force, which is a character- 
istic of the flow lines of the conventional gear cast- 
ing, there are no shrinks or flow lines in centrifuged 
castings and the grain structure runs perpendicularly 

to the gear tooth line of force, an advantage in pre- 
| cision machining. 

“It is essential closely to analyze each job before 
attempting to cast it to be sure it can be produced 
satisfactorily,” Mr. Johnson pointed out. “In this 
observed case of she: aves, there are various types .. 
spoke, solid web, and web with holes. The spoke 
type, with light metal sections in the spoke area 
and heavier metal around the groove, necessitates 
increasing the spoke metal section which can usually 
be accomplished by increasing the radius. The web 
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The casting being poured as the flask revolves im 
the casing. 


type has thin metal web Sections which can be for- 
tified by adding feeder pads of a half-round shape 
to both web sides, running from hub to groove, 
thus producing a solid groove metal.” (Figures “A” 
and “B” show methods by increasing metal in spoke 
and by feeder pads. ) 

According to Mr. Johnson, sheaves with small 
diameter core through the hub are generally cast 
solid, better to feed through spoke or web to the 
rim. Medium sized sheaves, having hub diameter up 


* 





Discharging a mold from the centrifugal casting machine after pouring. 
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Three types of gating technique for centrifugal 
casting of steel sheaves. 


to 6-in., are cast with one gate. Larger sizes are 
cast with two or more gates. Photographs show 
various gating arrangements. “In static casting, 
general practice places feed heads around the rims 
to assure sound groove metal. This occasions varia- 
tions in rim temperatures, tending to cause warpage 
and cracks. This hazard is eliminated in centrifuging 
such castings,’ Mr. Johnson concluded. 


High Speed Practice 


In the company’s experience with the centrifugal 
casting of sheaves, from 24 to 36 molds are poured 
per heat, poundage varying fromm 3500 to 4500. The 
total elapsed spinning time is from 2 to 3 min. and 
the spinning speed is 150 to 200 rpm. 

The average spinning speed for miscellaneous 
centrifugal castings approximates 600 surface feet 
per minute. Too great a centrifuging speed may 
cause peripheral cracks of a hot-tear nature created 
by tensile stresses thus set up. In some practice, the 
mold is entirely poured before being spun. In others, 
the practice is to vary the speed. at intervals within 
the pouring cycle. The speed technique varies with 
the mold and casting design. 

Certain it is that the pressure of centrifugal force 
has endowed the steel casting industry with signifi- 
cant advantages in certain types of design. Possessing 
the soundness of a forged or rolled section, such 
castings can be produced with less complexity of 
gates and risers, to achieve a better product. Nor is 
the centrifugal process as limited in application as 
supposed. Casting configurations, lighter weight cast- 
ings, thin-sectioned designs, intricate, odd, non-sym- 
metrical shapes are possible that were previously 
considered beyond the limits of centrifuging. 

“In developing centrifugally cast steel castings, 
we feel that we are contributing to the war effort as 
well as advancing the technique of the steel casting 
industry, both by converting a larger percentage of 
our melt into castings so vitally needed during this 
emergency as well as by producing a very high quality 
steel casting,” Mr. Johnson said. It is another evi 
dence of good management thinking that has made 
the Oklahoma plant one of the most enterprising 


steel foundries, not only in the Southwest, but in 
the nation. 


The sheave casting as cast by the static method (left) 

compared with the one (right) by the centrifugal 

process. Note possible crack in the line of the one 
at the left. 
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X-Ray Diffraction—An Industrial Tool 


by a. S. BUHLER North American Phillips Co., Inc., New York 





The é 


HROUDED IN MYSTERY, X-ray diffraction has here- 

tofore been avoided by many of the very in- 

dustries to which it can be .of greatest service, 
and upon mention has been rejected with a shrug 
of the production manager's shoulders as another 
involved piece of apparatus belonging properly in 
the realm of scientific research. 

It may be true that only a scientist can understand 
and utilize for advancement of the frontiers of our 
knowledge the intricate concepts of atomic structures, 
reciprocal lattices, n-ordered reflections, Fourrier’s 
analyses and the like—but these are of no immediate 
interest to those charged with the important everyday 
job of maintaining production and quality. Deep 
scientific knowledge is definitely not required for 
intelligent operation and valuable utilization of X-ray 
diffraction, which is now available in compact and 
simplified form for practical use. 

The industrialist wants to know briefly how X-ray 
diffraction equipment works and what it will do for 
him. To answer these two questions is the chief aim 
of this article. 

Fig. 1 shows a recently developed X-ray diffraction 
apparatus. In the hands of a semi-skilled — 
(or in many cases, a trained unskilled person) i 
will perform identifications, comparisons, and even 
analyses which now require the services of chemists 
or other professional technicians. 
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As the illustration shows, its designers have re- 
duced the unit to its simplest and most practical 
form. The cabinet contains the X-ray transformer 
and various automatic and safety controls. Con- 
veniently located for easy observation and manipula- 
tion on the front panel are: 

(a) Main switch (circuit breaker) 

(b) High voltage control switch 

(c) Kilovoltage adjuster 

(d) X-ray tube current control 

(e) X-ray tube milliameter 

(f) Elapsed-time meter (tube life and exposure) 

The cabinet supports four tracks (g) on which 
four cameras can be mounted. This unique and usefu! 
feature permits making four simultaneous exposures 
thus conserving time and tube life. The tracks sur 
round a housing (h) containing a 4-windowed water 
cooled X-ray tube that is specially designed for dif 
fraction work. The tube can be changed in 5 min.— 
a distinctive time saving feature which is quite im 
portant where interchange of tubes for investigation 
of different materials becomes desirable. Replace- 
ment of the tube automatically establishes both water 
and electrical connections. 


Identification of Materials 


Research in recent years has shown that nature 
assigns to every crystalline substance a structure 
which is unique and distinctive. Each structure, in 
turn, has its own special diffractive effect on an X-ray 
beam. Due to this phenomenon, diffracted beam 
patterns serve to identify the substances in much the 
same manner that fingerprints identify individuals. 

Traces of the invisible diffracted beams are usually 
picked up by photographic film in specially-designed 
cameras. Often, the patterns so obtained will furnish 
definite proof of identity (or lack of it) suitable for 
production control, in less time than ordinarily re- 
quired for chemical or physical analyses, 

Should it become necessary, for example, to es- 
tablish the character of undesirable foreign sub- 
stances of crystalline nature, relatively simple calcu- 
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1. Recently developed X-ray diffraction equip- 
ent which can utilize four cameras and carry on 
four analyses at one time. 


itions based on these films will provide a powerful 

method of attack when used in conjunction with 
abulated data available through American Society 
for Testing Materials. On the other hand, it may be 
necessary to ascertain that all of a series of crystalline 
substances required to secure an end product of de- 
sired characteristics are incorporated. In such cases, 
the presence of such desired substances may be de- 
termined from comparison of films taken from a 
sample of the later mix with master films. 

Fig. 2 is a simple drawing showing how X-ray 
diffraction apparatus functions. This illustrates the 
circular camera for powder work. Arrangements are 
incorporated in the actual apparatus for rotating the 
specimen which comprises the substance to be in- 
vestigated (in finely powdered form) in a capillary 
or coated on a fiber. 

The principle of this camera is identical with that 
of all diffraction cameras, i.e. a callimated beam of 
X-radiation is allowed to strike the specimen, dif- 
fracted beams emerging at angles determined by the 
constitution of the material under test. After striking 
and passing through the sample, the primary beam 
enters a beam-removal tube which prevents the 
scatter resulting from impingement of the primary 
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beam on air particles from darkening the film. This, 
in long exposures, may otherwise reduce contrast be- 
tween the desired pattern and the background. 

The film (which is punched at two points to ac- 
commodate the collimator and beam removal tubes) 
lies against the inner circumference of the camera as 
shown. A light-tight cover completes the assembly. 


Type of Radiation Used 


The type of radiation to be employed for a given 
material is determined from readily available ac- 
cumulated data. Exposure times are frequently in- 
dicated, but may be modified by the user to meet 
his particular requirements. After exposure, simple 
procedures of development and fixing are followed, 
using equipment which can readily be installed in a 
small space in any plant. 

Fig. 3 is a simplified representation of diffraction 
films as used for comparative work. Actual films may 
have many more lines, varying in intensity, ‘but the 
principle is the same. 

Let us assume that we have a product or raw ma- 
terial which analysis or experience have shown ac- 
ceptable. From this we can establish a master film 
(a). This means that if we duplicate this pattern 
on sampling the new material has a corresponding 
structure. Now, if the product changes, or the raw 
material is procured from another source, or is sus- 
pected of being different, another pattern is taken. 
If it is like (b), there is a difference; if like (c) it 
is the same. 

The fact that (b) is unlike (a) does not necessarily 
mean that the new material is inferior. Actually, 
may be equal or superior on the basis of possible 
physical, chemical or field tests. In this case (b) may 
be established as an alternate or as a standard super 
seding 

The uses of this procedure as a control method 
are obvious. It will also be equally clear that a method 
of this nature does not require scientific knowledge. 
The standards can be established by technicians and 
inspectors having relatively little if any diffraction 
background, and the patterns can then be made by 
easily trained relatively unskilled personnel. 

Should it be necessary to identify basic or admixed 
substances, it is mecessary to have somewhat more 
training, but simple identification often can be made 
by employees having enough knowledge to employ 
simple formulae and ability to look up natural trig- 
onometric functions in tables. Conversance with 
the vagaries of the product will also be helpful. In 
some instances it will be necessary to use diffraction 
as one of a number of methods of attack, or even 
the key where a number of factors or methods of 
analysis are involved. In such cases of course, con- 
sultation with diffraction specialists is advised. Prob- 
lems of this type are of course of an advanced nature 
and beyond the normal scope of the apparatus as an 
industrial control tool. 

For specific applications in metallurgical work, 
plastics and fibers, special cameras are available, each 


giving special advantages for a particular application. 
Included in these are focussing cameras, flat cameras, 
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X- Ray tube Liffracted 
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Fig. 2. A simple sketch showing the principles of 
operation for X-ray diffraction apparatus. 


low angle cameras, etc. Through them sare ragn gi 
studies may be made. Degree of orientation may 
many cases readily be ascertained. 


Spectrometer 


For certain types of work there is now available a 
Philips spectrometer which eliminates the need for 
film and development, giving directly the locations 
and intensities of the distinctive lines. This employs 
a Geiger-Muller tube coupled to an indexed arm. 
A meter in the tube output circuit gives not only in- 
dication of the presence of lines but serves to measure 
their intensity. Thus, as the specimen and Geiger- 
Muller tube are rotated relative to each other, with the 
specimen in the X-ray beam, it is possible to plot 
the locations of lines and their intensities quickly. 

This method also lends itself to rapid acceptance 
or rejection work, for a single line can often be em- 
ployed to serve as a criterion, its presence or absence 
being all that is required for a decision. This ap- 
paratus can be used by an unskilled operator, once it 
is properly set up. 

A concrete example of the utility of diffraction was 
recently provided in the case of a company making 


( ° ) 
(a) Known sample 


0 ( 


\ 
(b) Unknown sample-unlike (a) 
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(c) Unknown sample -like (a) 


Fig. 3. Drawings show sample X-ray films as used 


in diffraction analysis work. 
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asbestos products. It was found that one of its prod- 
ucts made from certain types of asbestos had poor 
qualities. These did not become evident until the 
end products were fabricated, resulting in a con- 
siderable waste in labor and materials for products 
which had to be discarded. Chemical methods were 
called into play but failed to provide a means of dif- 
ferentiating between the desirable and undesirable 
fibers. Diffraction was employed and two distinct pat- 
terns resulted, making it possible at the initial stage 
of production to select the type of fiber which would 
result in the better final product. 


Broad Field for Its Use 


The field for diffraction is replete with numerous 
examples of differentiation in the chemical, metal- 
lurgical, ceramic, petroleum and dairy industries. In 
some cases, the method has been clear cut while in 
others it has been necessary to couple studies of dif 
fraction patterns with related scientific information 
obtained through physical and chemical observations. 
In many cases however, a simple procedure will serve 
adequately as a method of control. 

It has been the purpose of Philips engineers t 
build this equipment so that it may be operated 
simply as other forms of production control equip 
ment. As at present executed, it provides a con 
venient tool for the average plant when used under 
supervision of a technically inclined person. Such 
a technician, if alert and progressive, can readily us: 
it not only for inspection and cortrol but can fre 
quently extend its utility to many unique phases of 
analysis peculiar to his particular plant's product 
and functions. 

Once installed in the larger plants, it will also be 
available to research men for advanced work in im 
proving products and their performance. In man 
cases, due to the fact that four camera positions ar 
supplied, research investigations can be progressed 
at the same time ordinary control and analytical worl 
is conducted. Thus, there is available a piece of ap- 
paratus which fulfils a dual function in a single in- 
stallation. 

Examples of the diversity of problems in which 
diffraction has proved its value are given in the fol 
lowing list, which represents but a few applications 
of this art to industrial processes. 

1. Establishment of identities in ceramic clays 

2. Dairy products 

3. Quality tests on soapstone before firing 

4. Determination of covering quality of paint pigments 

5. Differentiation of natural and artificial pearls 

6. Identification of aluminum oxide modifications 
Differentiation of inorganic fibers 

8. Metallic deposition in formation of metallic carbides 

9. Determination of character of metallic films 

From the foregoing it must be concluded that 
X-ray diffraction should take the position as an in- 
dustrial tool which it so definitely deserves. Appli- 
cation analysis prior to adoption is of course im- 
portant, but industry can no longer afford to over- 
look the potentialities of X-ray diffraction as a means 
of maintaining product quality, particularly where 
competition is keen. 
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Designing 


Aluminum Forgings 


by STANLEY V. MALCUIT 


4luminum Co. of America, Pittsburgh 


aki alloy es are playing a 
hh es tee nt: ee 
doubts that their enormous expanded pro- . 
duction facilities will find wide post-war use. 
Written primarily for design engineers but of 
obvious interest also to production men, this 
article presents the principles of aluminum- 
forging design and provides various design- 
detail recommendations for achieving high- 
est quality aluminum forgings and for simpli- 
bis, their production as well. 





—The Editors 


NE OF THE MOST OUTSTANDING industrial 

achievements of the present world war has been 

the huge expansion in the use of aluminum alloy 
forgings and the facilities for producing them. From 
a total monthly production of a few hundred thou- 
sands of pounds of pre-war demand, military require- 
ments have risen to a peak in excess of 25,000,000 
lb. per month, involving many thousands of entirely 
new parts, for each of which elaborate tooling has 
had to be provided. 

Such an expansion would have been considered a 
noteworthy record in the case of almost any standard 
product, but when it is realized that forgings are one 
of the least standard of all products, that they are 
made on all kinds and sizes of forging equipment 
and that the problem of die and tool procurement is 
of the most difficult and complex nature, this ac- 
complishment is truly astonishing. 
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Fig. 1. A group of miscellaneous forged parts. Alumt 

num forgings are primarily used in parts heavily 

stressed in fatigue and impact, or where space limita 
tions do not permit the use of. castings. 


Advantages Over Castings 


Aluminum alloy forgings offer the same general 
advantages over aluminum castings and other “built 
up” wrought products as steel forgings or brass forg 
ings offer over the same metals in cast form, or as 
built-up, riveted, or welded structures. They are a 
one-piece” product fashioned closely to theoretically 
ideal shapes and sections. They are “wrought ma 
terial” of a high degree of integrity and uniformity 
heat treated to the maximum physical properties 
which it is possible to develop in the particular alloy 
and piece in question. 

In addition to these general advantages, aluminum 
forgings possess many peculiar and specific properties 
which dictate their use for m any applications. Among 
these may be mentioned high thermal and electrical 
conductivity, excellent machinability, resistance to 
corrosion and fatigue, and a rather wide range of 
‘expansion characteristics. 

Aluminum forgings are produced for the most part 
on all types of standard forging machinery, steam 
hammers, board hammers, presses, mechanical and 
hydraulic, upsetters, etc. Die design and general 
tooling, however, are necessarily more or less peculiar 
to the product, i.e., its working temperature, expan- 
sion characteristics, lack of scaling, affinity for die 
steels, etc. 


It is the purpose of the present article to discuss 
some of these features having to do with forging 
design with the thought that such a discussion may 
prove helpful to those interested in the use of this 
product. 
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Fig. 2. Workmen are removing an aluminum allo) 
crankcase from the forge. 


Design Factors 


The first step in designing an aluminum forging 
is to determine the conditions which the part has 
to meet in service. It must be designed to perform 
a particular function. If this function is understood, 
then the most suitable alloy and the most efficient 
design may be utilized to provide dependable per- 
formance. 

The loading of the part must be carefully con- 
sidered. The type of loading will greatly influence 
the percentage of weight saving that is possible. In 
some cases, the light weight of the aluminum part 
itself will reduce the stresses which it has to with- 
stand. If the part is subject to cyclic loading or 
vibration, the fatigue properties of the material 
may be an important consideration. It may be that 
the part is subject to static stresses of either tension 
or compression, in which case the tensile and com- 
pressive properties of the material are important. 
Stiffness may be required in the finished part, or 
high resiliency may be needed to absorb impact 
stresses. Whatever the loading may be, the designer 
should have a clear understanding of it and design 
the part so that it is capable of meeting the prescribed 
conditions. 


The temperature conditions which the part has. 


to meet is another important factor. At elevated 
temperatures, the tensile strength, yield strength, 
and modulus of elasticity of aluminum alloys are 
lower than they are at ordinary temperatures. With 
increased temperature, fatigue strength decreases 
rapidly and it is necessary to give due consideration 
to the operating temperature in working out the 
best design for the part. 

Another factor which the designer must consider 
is the amount of wear or abrasion the part will be 
called upon to withstand. Hardness and wear resis- 
tance vary in the different alloys and the designer 
must make allowances in the forging to insure the 
required hardness and wear resistance. 
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It may be that the part will encounter severe 
corrosive conditions and, in this event, the designer 
must select the alloy which will have satisfactory 
life under service conditions. The design of the 
forging will also play an important role in resisting 
corrosion, as correct design eliminates such difficulties 
as moisture pockets. 

In some forgings, the ultimate use of the part may 
require the & electrical conductivity possible. 


Alloys containing elements which show substantial 
changes in solid solubility with rise in temperature 
may show corresponding variations in conductivity, 
depending on their thermal treatment. In forgings 
requiring good electrical conductivity, selection of 
the proper alloy and correct design will be determin- 
ing factors. 





Fig. 3. A basket of aluminum alloy forgings is being 

lowered into a quenching tank after heat treatment. 

Upon removal from the tank, these forgings will be 

given a further aging treatment which develops max- 
imum properties. 
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In certain parts, such as forged pistons, thermal 
properties are important factors for the designer to 
coauin Thermal conductivity and thermal expan- 
sion vary depending on the alloy. The design of the 
part may influence the effect of these properties. 
Both of these factors are important considerations 
if the forging is to meet service conditions. 

Any one of the above conditions may be the 
controlling factor in designing an aluminum forg- 
ing, or several factors may combine to dictate the 
selection of the alloy and the design principles. In 
most cases, the latter will be true and the designer 
must carefully weigh each factor to insure the best 
result. 

As soon as the designer thoroughly understands 
the function of the forging, he must select the alloy 
which, in his opinion, will give the best service under 
the existing conditions. In general, nine aluminum 
alloys are used for forgings. The Table gives the 
typical mechanical properties of these alloys. 


The Forging Alloys 


The strongest forging alloy in general use is 14S. 
[It finds wide application where high strength and 
good resistance to corrosion are desired. It is, how- 
ver, one of the more difficult alloys to forge. When 
ising this alloy, tolerances must be closely adhered to 
ind the dies must be correctly proportioned to permit 
ready flow of the metal in forging. 

Alloys 25S and 17S are used whenever moderate 
strength is required. Alloy 25S is easier to forge 
chan 17S, but the latter has superior machining 
jualities and better resistance to corrosion. One of 
the most easily forged alloys is A51S. It finds it chief 
ise in the production of large and intricate parts, 

here the highest mechanical properties are not 

equired. 

Unusually severe corrosive conditions may dictate 
he use of alloy 53S, which is similar to alloy A51S 
but is much more resistant to corrosion. Alloys 32S 
ind 18S are used for parts, such as pistons, in which 
the retention of strength at elevated temperature 
is essential. Alloy 32S also has the lowest coefficient 


of thermal expansion of the wrought aluminum 
alloys. 





| 
forging or porting plane Direction of stroke 








Parting line” 











Fig. 4. Typical cross section of forging die, illus- 

trating forging plane, parting line, and draft angle. 

Notice that the parting line runs through the profile 
of the forgings web. 


The ease with which alloy 11S can be machined 

makes it best suited for certain purposes where 
machining costs become a determining factor in 
the choice of the alloy. Although they are not 
generally classed as forging alloys, 2S and 3S are 
occasionally used for forgings which require ex 
cellent welding characteristics as well as very high 
resistance to corrosion. 


Shape and Operation — Sequence 


Once the alloy has been selected, the general 
proportioning of the forging is begun. By careful 
analysis based on previous experience, it is generally 
possible to design the piece so that it will have ade- 
quate strength and, at the same time, meet the con- 
ditions of forging for that particular alloy. It is 
also possible for the designer to proportion the dies 
so that the metal flow will give maximum metal 
properties at the points of maximum stress resulting 
from service conditions. 

The proper working of aluminum changes the 
grain structure of the metal and produces a final 
material which has excellent mechanical properties. 
The high strengths which result from such grain 
flow can be utilized to best advantage in properly 
designed forgings. It may be that the stresses applied 
to many parts do not have a single directional in- 


Table of Mechanical Properties of Aluminum Alloy Forgings* 


















































on , ; Typical Values 
Alloy Minimum Specification Values —__|__ (Not Guaranteed ) 
Tension* Hardness* Shear Fatigue Density 
Yield strength* Ultimate Elongation,* ~ Brinell, Shearing ‘| Endurance aes “ie ae 
(Set— strength, per cent in 500-kg. load, strength, ; limit," =A “ 
__ | 0.2%), psi. p.s.i. 2 in. _10-mm. ball °C ee 13 aac! 
11S-T 34,000 55,000 12.0 90 ~~ 31,000 13,000 0.101 
14S-T 55,000 65,000 10.0 130 45,000 16,000 0.101 
17S8-T 30,000 55,000 16.0 100 36,000 15,000 0.101 
18S-T 40,000 55,000 10.0 100 38,000 14,500 0.103 
25S-T 30,000 55,000 16.0 | 100 35,000 | 15,000 0.101 
32S-T 40,000 52,000 | 5.0 | 115 | 38,000 | 14,000 0.097 
A51S-T 34,000 44,000 14.0 | 90 32,000 10,500 0.097 
53S-T 30,000 36,000 16.0 | 75 24,000 | 11,000 0.097 
70S-T | 40,000 50,000 mo. | ..'B5 37,000 | 19,000 | 0.107. 
1 These properties apply to forgings up to 4 in. in diam. or thickness. Long axis of test specimen taken parallel to direction of grain flow. 
* Tension and hardness values determined from standard %4-in. diam. test specimens. Values in compression at least equal to values in tension. 
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) cidence. Such forces must be met by a varied di- 
rectional grain flow, or grain flow designed to 
| present the greatest resistance to these forces in all ° 
| directions. 

In order to place the flow lines to the best ad- 
vantage and to suit the particular requirement, the 
forging stock must be positioned in the first forging 
operation. The exact positioning and the subsequent 
forging operations will depend upon the complexity 
and shape of the forged part and upon the direction 
of the important stresses on the part when in service. 

Once the design has been modified so that the 
stresses are advantageously distributed, the detail of 
| the design may be worked out. It is necessary that 
| the designer incorporate factors into the mechanical 
design of the forging that tend to enhance its strength 
as well as to increase economy in cost of the forging 
and subsequent processing operations such as ma- 
chining, heat treating, and assembly. 

The designer must first choose the forging plane, 
which lies at right angle to the direction the recipro- 
cating die travels (Fig. 4). It must be chosen with 
considerable care in order to produce forged parts 
having greatest functional value and requiring little 
or no subsequent machining 








ee 


[he parting line is the line along which the lower 
and upper dies separate (Fig. 4). It may be straight 
and lie along the forging plane; or it may be made 
irregular to accommodate bends, lugs, webs, and the 
like in the forged part. It is often possible to de- 
sign a forging so that all the impression is within 
one die. Single dies of this sort may, nevertheless, 
require broken (irregular) parting lines. 

It is generally preferable to run the parting line 
through the profile of the forgings web (Fig. 4)— 
and the profile need not be on the 
center line. Naturally, this rule cannot be followed 
in the case of single dies, for obvious reasons. 

When the parting line of the forging dies is irreg- 
ular from any view, the resultant “meshing” of the 
dies is called die lock. When choosing the forging 
plane, the designer should be careful to include the 
effects of die lock in his calculations to avoid unbal- 
anced sidewise loads on the forging equipment. 

It will frequently ¥ found more economieal and 





if there be a web 


' practicable to ad 1 part after it has been forged, 
rather than to forge the bend into the part. Bending 
{ may be done while the metal is still hot, or even after 


it has cooled, providing the degree of deformation is 


Undesirable + 





| | 


| | 
| | | | 





Fig. 6. Generous radii should be provided on rela- 
tively wide ribs so that the metal will flow easily 
into the deeper crevices. 
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Fig. 5. A die sinker is polishing the surface of a crank- 

case forging die. This operation removes all tool marks 

so that a better product is obtained and the forging 
can be readily removed from the die. 


not severe. In any event, the designer should make 
allowances for such bends. 


Dimensions 

In order to prevent the forging from sticking in the 
die, a draft angle of approximately 7 deg. must be 4 
provided (Fig. 4). This figure will be suitable for 
average-size plugs or projections, but very deep cone 
frustums will require a larger taper. Since draft 
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Fig. 7. The inside radius should be equal to the wall 

thickness on bath-tub forgings (r=T); the outer 

radius should be large and at least equal to the filet 
radius plus the thickness of the thinner web. 
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angle is a function of die motion, it is always cal- 
culated from the forging plane and the draft starts 
from the parting line. 

The size of radii and fillets should be as large as 
possible to assist the flow of metal through the change 
in direction. Forging defects such as cold shuts, 
laps, broken fibre structure, and unfilled sections as 
well as increased die wear are the result of radii and 
fillets which are too sharp. 

Corner radii of sufficient magnitude must be pro- 
vided on forgings with deep ribs if cracked dies are 
to be avoided. Flanges should be as thick as pos- 
sible to reduce die breakage and die cost, but, on 
the other hand, flange thickness should also be kept 
at a minimum because of weight and other factors. 
The designer must exercise considerable ingenuity if 
the forging is to perform its proper functions and still 
be practicable from a manufacturing standpoint. 

On relatively wide ribs, where a flat with minimum 
radii at the corners would be possible, the added dif- 
ficulty of forcing the metal into such corner radii 
makes it desirable to design these ribs with a full 
radius at the top (Fig. 6). On bath-tub type forgings 
the inside edge radius should be equal to the wall 
thickness whenever possible. (Fig. 7). Corner and 
ige radii should remain constant along ribs and 
anges in order that die sinkings may be done with 
ne tool, even though the section tapers in height. 

Fillets should be as large as the design allows, as 
mall fillets restrict the flow of metal into the deeper 
revices of the die and cause excessive die wear at 
he fillet, or die breakage because of high pressure 
1eeded to force the metal over the fillet (Fig. 9). 

Fillet radii that vary will cause an increase in die 
rice because they must be tapered by hand. It is 

ually feasible to retain a constant radius over most 
f the length of a moderately changing section with- 
it penalizing the design, and this should be done 


vhenever possible (Fig. 11). On bath-tub type forg- 


Fig. 8. Designers have been instrumental in making 
America’s war equipment the fimest in the world, This 
lie designer is making a template from a part drawing 
which will be used to give the outlines of the im- 
pression that will be milled in the die block. 


ings, the outer radius should be as large as possible, 
and at least equal to the fillet radius plus the thick- 
ness of the thinner web (Fig. 7). 

Thin webs dissipate their heat rapidly because a 
relatively great area of metal is in contact with the 
cooler dies. As a result, they are harder to forge and 
die breakage is common. In many cases, the dies are 
heated to avoid this difficulty. Deeper cavities in the 
dies may fill or offer strong resistance to filling before 
the web is brought down to size. The flow of excess 
metal may then shear the various sections into sepa- 
rate parts (Fig. 12). To overcome these difficulties, 
the web may be thickened from the center outward 
and the fillet radii increased (Fig. 12a), or a large 
portion of the web punched out (Fig. 12b). 

The latter method permits using as a gutter that 
portion of the web which later will be punched out. 
An unsupported thin edge around the punched-out 
section may not meet strength requirements, and an 
improved section may be obtained by beading the 
cut-out. On small parts with fin-like projections from 
a globular center, the fin may be forged to a minimum 
thickness of 1/16 in. with a width of no more than 
one inch (Fig. 13). 

Holes in lugs require the forging of a local depres- 
sion until a web of 4% to 4 in. thickness remains 
While the metal is hot, the web is punched out. To 
avoid distorting adjacent sections of the forging 
during the punching operation, considerable area 
should be left between the flange and the punched 
hole. Holes should start at the point of tangency of 
the fillet and the web (Fig. 14); they should not in- 
clude any of the fillet and draft of the flange. When 
an irregular hole is to be punched in a web, the final 
trimming of the flash and web can be accomplished 
more easily if a small amount of the web is left 
around the inside of the part to provide a bearing 
to hold the forging during trimming operations. 


Tolerances 


The variations permitted from the given or normal 
requirements are known as tolerances. Thickness 
tolerance applies to the overall thickness of the forg- 
ing, and varies with the net weight or overall dimen- 
sions of the product being fabricated. It is applied 
in a direction perpendicular to the parting plane, or 
parallel to the ram travel, and is figured separately 
and independently of any other tolerance. 
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Fig. 9. Fillets should be as large as the design permits, 
since small fillets restrict the flow of metal into the 
deeper crevices of the die; resulting in forging defects 
such as cold shuts and causing excessive die wear. 
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Fig. 10. Spraying “Stresscoat” lacquer on an alumt- 
num airplane nosepiece. The part will then be sub- 
ted to a load simulating the condition which the 


part WLUSL With stand in at tual service. Once the “stress 
mtenate tc? j » bee lar od ll be 
ncentration points ave been iocated, wu wt 7 
possible to determine how redesigning the part can 


increase strength at the weak point. 


A slight misalignment of the forging dies which 
results in a shift of one part of a forging along the 
parting line from its relative position to the other 
part of the forging is called mismatch. A dimensional 
ontraction in all directions in a forging resulting 
from the cooling of the metal is called shrinkage. 
Che designer should add enough metal to compensate 
for shrinkage and mismatch, but the allowance should 
never be the sum of the two. The allowance is gov- 
erned by the factor which requires the greatest toler- 
ance in a given direction. Stock for machining must 
be provided in addition to shrinkage and mismatch 
tolerances. The minimum machining allowance on 
small and medium-sized forgings is 1/16 in.; for large 
forgings, Y@ in. 

After the design has been detailed so that it can 
be made practicably and economically, the part is 
then ready be forged. The final analysis of the 
design, however, will come when the part has been 
subjected to a full scale test in actual service. The 
designer should always check the first forged part 
in order to substantiate his calculations. 
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Fig. 11. Over the length of a moderately changing 
section, fillet and edge radu should remain constant 
whenever practicable (r= 1; 7: = 1), 
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Stresses and Strains 


Whenever the part fails in service because of in- 
adequate design or whenever a completely new forg- 
ing is to be developed, a stress analysis should be 
conducted to determine the distribution of stresses. 
An abrupt variation in which the intensity of stress 
increases greatly within a very short distance is de- 
scribed as stress concentration. Stress raisers include 
irregular surface contour and metallurgical irregu- 
larities such as inclusions and porosity. The en- 
durance limit of a part subject to repeated loading is 
greatly lowered by small scratches resulting from 
handling or machining. 

In order to distribute the stresses in the design 
that has been proportioned according to experience 
and mathematical calculations, a stress analysis by 
strain measurements must be conducted on a full 
size cast part. A cast part will serve as a satisfactory 
test specimen even though the part is to be forged, 
since the modulus for all aluminum alloys fabricated 
by different methods is substantially the same. By 
using a casting, a design can be developed without 
the expense of elaborate forging dies. 

The recommended procedure to be followed 
analyzing the part is to make a strain analysis after 
coating the entire specimen with a brittle lacquer 
of the Stresscoat type, and then loading it so as to 
simulate the conditions of loading found in service. 
This analysis will give the strain pattern showing the 
directions of principal strains. The next step is to 
use a second coat of lacquer on the areas of particular 
interest. By applying the load in steps, the first crack 
appearing in the coating at different locations will 
indicate where the strains are of high order. 


TTICUITY 


ee ee ee 





leta r/OW l 


{LL fi 
br hunk 
i 





Finishing aie | 1 iy 





Tht inate” Webs separote 
Remedies 
(a) 

f\ /\ 
| ee se 2 _ 
erect 
Wa Tapered web % 

v \ 

(b) 

| 
| ee tae : ; sata sant 
| _—= a - . apt ie 


Fig. 12. Deep, thin webs are hard to forge and the 

metal often flows straight through to the gutter. To 

overcome this the web may be thickened gradually 

from the center outward (a) or a large portion of the 
web may be punched out (b). 
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Fig. 13. On small globular-centered forgings, the pro- 
jecting fin may be forged to a minimum of 1/16 m. 
with a width of no more than 1 in. 


After the brittle lacquer method has brought out 
he regions in the structure where the strains are 
f a high order, a suitable type of strain gage must 
e employed to determine the relationship between 
.e load and the strain or, in other words, to de- 
rmine such high static stresses quantitatively. With 
.e brittle lacquer test revealing the direction of the 
rincipal strains, strain gage measurements are taken, 
1e parallel to the principal strain and one at right 
gles to it, and from these measurements the stresses 
calculated mathematically. 
It is often possible to gain considerable informa- 
n by taking strain gage readings at successively 
reased loadings. It may be found that the yield 
ength of the material has been reached in some 
gions of the structure at relatively low loads, and 
; a result of yielding at these points, the strains at 
ther points might cease to change appreciably with 
increasing load. 





1944 





NOVEMBER, 





In parts subjected to elevated temperatures, the 
distribution of stresses can be considerably different 
at operating temperatures than the distribution of 
stresses in the part at room temperature. As the 
temperature increases, certain stresses may decrease, 
while at other locations, the stresses may increase 
with increased temperature. 

If the investigation of the stress distribution in the 
part reveals a high stress concentration over a limited 
area, the solution to the problem is not found by add- 
ing metal, but rather by improving stress distribution. 
A high surface stress, for example, is likely to occur 
at the top of a rib which is tapered to a narrow sec- 
tion. In such a condition, the solution is to reduce 
the height of the rib by cutting away the highly 
stressed metal, thus redistributing the stress. The re- 
moval of a slight amount of metal on the top of a 
rib will decrease the high surface stress considerably, 
and the portion of the load formerly carried by the 
highly stressed metal will then be distributed over a 
relatively much larger area. 

As the analysis warrants changes, the part is re- 
designed until the stresses apprcach a safe level with 
a minimum of stress concentration. In this way, de- 
fects in forged parts are quickly remedied and new 
designs are readily proportioned. 

By using the procedure which has been outlined 
in the text, designers of aluminum forgings have been 
able to meet military demands on schedule as well as 
to save considerable time and money in the develop- 
ment of new and improved forging designs. 
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Fig. 14. When holes are to be punched in webs, they 
should start at the point of tangency of the fillet 
and the web. 





Fig. 15. Aluminum connecting rod which has been subjected to inertia loading. Stresscoat pattern 
is clearly illustrated. 
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(Continued from page 1295) 


With the exception, perhaps, of oil and coal, Africa is 
probably the world’s largest reservoir of commercially im- 
portant minerals. In the last forty years the world has 
extracted more minerals from the earth than in all preceding 
history. In Africa, last continent to be settled by Europeans, 
most minerals are still in the ground. Africa has tremendous 
reserves of high grade copper ore in the Katanga fields of 
Northern Rhodesia and the Belgian Congo. From Africa 
comes all but a small percentage of the world’s famous 
diamonds and almost half its gold. Large quantities of iron 
ore and bauxite have been found, some of it as in Sierra 
Leone, near the coast. On the Gold. Coast is the world’s 
largest manganese mine and Africa is a leading supplier 
of this material. Southern Rhodesia is the world’s largest 
producer of chrome ore and the second largest source of 
asbestos. Nigeria alone produced an amount of tin in 1942 
almost equal to the requirements of Great Britain and, with 
deposits in the Belgian Congo and Ruando-Urandi, the con- 
tinent as a whole could become a major producer of that 
metal. Africa produces almost half the world’s cobalt and 





uranium and about half its vanadium. North Africa, eco- 
nomically a part of Europe rather than of Africa, is Europe's 
chief supplier of phosphate rock. Molybdenum is found 
in Morocco, platinum in Ethiopia and South Africa, and 
titanium ores in West Africa. 


This presents a formidable and impressive list of 
essential materials—iron ore, copper, aluminum, man- 
ganese, chromium, tin, cobalt, uranium, vanadium, 
molybdenum, platinum and titanium. And there may 
be others. Closer to our own shores is the mineral 
wealth of Brazil—iron ore, manganese and so on. 

It is probable that in the not distant future both 
Africa and Brazil will play important roles as sup- 
pliers of several highly important materials. It is at 
least reassuring to realize that the reserves of the 
world are by no means near the point of exhaustion 
Those of Africa and Brazil will either be obtained 
or other sources will be discovered—at possibly in 
creased cost, however, over present levels. 


—E. F. ¢ 


Engineering and Science Were Ready 


With charges of military unpreparedness and lack 
of foresight being tossed back and forth by political 
parties, it is heartening to learn that in one respect, 
at least, the United States was ready for any emer- 
gency. Our engineers and research workers had built 
up a bank of factual information that permitted them 
to find quickly the answers to military or production 
problems, and to make America the arsenal of democ- 
racy. 

Dr. Zay Jeffries has already outlined in this maga- 
zine (October 1943, page 764) the-way the bank of 
metallurgical engineering “know-how” made available 
to the government in the national emergency the re- 
sults of research costing many millions of dollars. 
Skilled technical men, who could not have been 
tempted by any salary within the gift of the govern- 
ment, were given leaves of absence by their companies 
to go to Washington and help solve the urgent design 
and production problems that war thrust upon us. 

At the National Electronics Conference in Chicago, 
Ralph R. Beal, of RCA, told the same story. “The pre- 
paredness picture was dark indeed, but for one heart- 
ening fact: American research scientists and engineers 
were ready. Men equipped with knowledge and ex- 
perience gathered so painstakingly by research and 
engineering—made an unbeatable combination when 
teamed with the great resources of this country and 
the American will to-win. ... When the war came to 
America, we were suddenly awakened to the realiza- 
tion that science must be directed to warfare if we 
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were to defeat an enemy fortified by ingenious scie 
tific applications. Quickly America’s men of scien 
rallied to national defense; industrial research w 
organized to function as a unit with one aim—to v 
the war. . . . In war, the scientist and the engine 
answer the call in the laboratory and in the field. . 
They study the techniques and devices of the enem: 
they build superior weapons to combat and to ove 
come the foe. . . . They telescope years of develop 
ment into months, so that Victory may be hastened 

The aluminum industry is typical. At the outbreal 
of the war two or three companies held practically a 
the knowledge this country possessed of productio: 
of aluminum. When the government decided that | 
was necessary to expand aluminum-producing facil: 
ties, skilled technicians from Aluminum Co. of Ame: 
ica were assigned by that company to serve the gov 
ernment with their indispensable experience. Dow 
Chemical Co. did the same thing for a part of the 
magnesium program. 

In many other fields we see corporations waiving 
patent rights $6 that the results of their own expen 
sive research may be available to the nation, free of 
charge. Wright Aeronautical Corp. had produced an 
aircraft bearing of superior wearing qualities, but it 
was made available to the entire aircraft program of 
the government at the beginning of the war. 

This has been the engineer’s contribution to the 
war—a contribution impossible to evaluate fully even 
now, but certainly a vital one. —K. R. 


METALS AND ALLOYS 











Alloys. eae cic kee cae 1andbox on Wiipintigulor 
subject and to be packed with useful reference data on the characteristics 
of certain materials or metal-forms or with essential principles, best procedures 











by Earle E. Schumacher 
& Alexander G. Souden, Metallurgists, 
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with an Appendix by The Editors 


The wor emergency has focussed attention on the frequent ability of powder 
metallurgy to make parts faster or cheaper or with less waste of 
materials and machine-time than other methods, and on its penchant 

for providing special types of materials impossible to make otherwise. 
This Manual presents a comprehensive, concise and authoritative review 
for design and production engineers of the technical nature, 

commercial significance and practical application of this fast-chancing 
field, To the main body of this material (which is also being published 
simultaneously by “Bell System Technical Journal”) the editors of M&A 
have added an Appendix of specially assembled dato on the types 
and manufacturers of powders, processing equipment and parts, 
intended to assist engineers in locating sources for these items for 

their present and pdst-war products. 
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This correlated review is an attempt to 
present some of the more common and 
broadly significant aspects of powder met- 
allurgy in order to acquaint engineers 
with an increasingly important production 
method, and to provide a digest of selected 
pertinent references that could otherwise 
be had only from many different sources. 

Basically, the art of powder metallurgy 
deals with the preparation of metal powders 
and their utilization. This is a general de- 
scription, however, and covers not only the 
so-called metallurgical field, but also the 
paint and pigment and other more strictly 
chemical industries. As a more pertinent 
definition, the following has been sug- 
gested: “Powder metallurgy is the art of 
producing metal powders and shaped objects 
from individual, mixed, or alloyed metal 
powders, with or without the inclusion of 


non-metallic constituents, by pressing or 


Introduction 


forming objects which are simultaneously 
or subsequently heated to produce a coal- 
esced, sintered, alloyed, brazed, or welded 
mass, characterized by the absence of fusion, 
or the fusion of a minor component only.”* 

In the past few years, powder metallurgy 
has received considerable attention, not only 
in technical publications, but also in the 
newspapers and popular periodicals, the 
general implication of the latter being that 
a completely new and revolutionary field of 
metal-working endeavor has been uncov- 
ered. Actually, however, instead of some- 
thing new, we are dealing with an art that 
had its inception at the time man first 
started using metals; numerous examples 
exist today of the early attempts to produce 
solid articles from metal powders. It is not 
surprising that early investigators and work- 
ers dealt with powders rather than massive 
structures of metals. With the exception of 





a few low melting metals such as tin and 
lead, most of the metals available melted 
at temperatures above those attained at the 
time with crude furnace equipment. 

It was possible, however, to prepare pow. 
ders of many metals by rather simple means 
without extensive furnace equipment, and 
a number of such powders were produced. 
Iron, for example, was reduced from its 
ores and worked to solid form at least 5,000 
years ago, long before furnaces were de. 
vised which could even approach the melt. 
ing point of the metal. The resulting 
reduced product was not, of course, massive 
iron, but was a sponge powder material 
which could be compacted, heated, sintered, 
and forged in much the same manner that 
metal powders are treated today. An out- 
standing example of the massive pieces 
produced by such methods is the 6-14 ton 
Delhi pillar made about 1,600 years ago. 


History of the Field's Development 


The ancient Egyptians and probably other 
early civilizations discovered how to make 
powders of gold, silver, copper, bronze, 
iron, lead, and to a limited extent, tin, 
antimony, and platinum,* but it was neces- 
sity rather than desire which led these early 
workers to produce their massive metal 
tools, ornaments, and weapons by powder 
methods. It is interesting to note that as 
furnaces were devised to obtain higher tem- 
peratures, the list of metals prepared from 
powders decreased. The lower melting met- 
als, of course, were the first to be prepared 
by melting and casting methods, and as 
higher temperatures were attained, only the 
more highly refractory metals remained on 
the powder preparation list. 

Although iron had been known in pre- 
historic days, it remained a scarce, precious 
metal for several thousand years, and did 
not come into general use until introduced 
by the Hittites around 1300 B.C. The 
Hittites presumably mined iron ore in the 
iron region along the Black Sea in Asia 
Minor and worked the material to metal 
form.* By 100 B.C., the use of iron had 
spread westward to include many of the 
countries bordering the Aegean and the 
Mediterranean. The primitive methods of 
iron working probably consisted in heating 
the iron ore in a charcoal fire fanned by 
an air blast from a bellows until reduction 
of the oxide was attained. The spongy mass 
was then pressed, heated, and forged to the 
desired shape. 

That this was the general practice fol- 
lowed in many countries in the production 
of metal objects has been observed from 
articles unearthed from earlier civilizations. 
Somewhat similar methods of working other 
metals have been observed, and where diff- 
culty was experienced in obtaining sinter- 
ing, other metal powders were added that 
were lower melting themselves, or that 
formed lower melting alloys which wet and 
welded together the particles of metal being 
worked to form a lump that could be 
shaped. The Incas in South America used 
such a method in fabricating many small 
articles of platinum.® The grains of native 
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platinum were mixed with some gold and 
silver, and by means of a blow-pipe, were 
fritted together by the lower melting alloy 
of gold and silver. The resulting mass could 
then be forged to the desired shape. 

During the eighteenth century there was 
a fair amount of activity in the production 
of metal powders, and in studies of the 
fabrication of metal parts from the powders. 
Platinum was introduced into England in 
1741 and attempts were made to produce 
the metal in compact usable form.* Various 
expedients were used, and one which util- 
ized a unique principle is worthy of note. 

It was observed about the middle of the 
century that platinum would fuse at rela- 
tively low temperatures in the presence of 
arsenic,® and that on prolonged heating, 
the arsenic could be volatilized out of the 
fused lump to leave behind a sponge of 
metallic platinum. This sponge could then 
be heated and forged to solid form. Sim- 
ilar results were obtained using mercury 
or sulphur in place of arsenic; the success 
of the forging methods led other investi- 
gators to study the welding of grains of 
native platinum or platinum scraps without 
the use of added elements to lower the 
fusion point. 

(As an example of how new methods 
introduced can often be traced back to 
earlier sources, the use of mercury to form 
an amalgam which could then be heated 
to leave a powder sponge material, has been 
attributed to the monk Theophilus in the 
llth century.° In this case, the amalgam 
process was used with gold, and the end 
product sought was gold powder which 
could be used a$ a pigment in inks for 
illuminating manuscripts. There was no 
attempt, however, to carry the process fur*’ 
ther to make solid metal parts as was the 
case with platinum as cited above.) 

Such was the situation in the early part 
of the nineteenth century when Wollaston‘ 
developed his method for the preparation 
of platinum ware. Numerous other inves- 
tigators® * * had produced articles of plat- 
inum by treatment of finely divided platinum 
or sponge, but by careful refinements in 


the process with control of particle size, 
purity, compacting pressure and sintering 
treatment, Wollaston obtained a superior 
product. Precautions were taken to use only 
the more finely divided platinum particles, 
and to press the powder carefully in a mold 
while wet. This pressing of wet powder 
is claimed to have been one of the main 
contributions made by Wollaston since a 
much lower compacting pressure was :!low- 
able, and the particles were not work 
hardened. 


The resulting cake was then slow ied 
to remove volatile matter and ad:orbed 
gases before sintering at 800 to 1' C. 
(1475 to 1830 F.). The material was { orged 
while still hot, and gave the first really 
pure, blister-free platinum sheet. 1 the 
process developed by Wollaston was sound 
is shown by the fact that the platinum pro- 
duced by powder metallurgy at present in 
England is made by essentially the same 


procedure.” The careful studies mace by 
Wollaston in fabricating platinum ware 
of high purity thus led to the basic prin- 
ciples utilized in successfully producing 
massive metal parts from metal powder 

During the nineteenth century, many 
metals were produced in powder form, but 
there seems to have been no correlated ef- 
fort to convert the powders into coherent 
form. This may have been due to the 
development of better melting furnace 
equipment that allowed ordinary melting 
and casting techniques to be employed for 
most metals and alloys. On the other hand, 
there remained some of the more retrac 
tory metals such as tungsten, tantalum, mo- 
lybdenum, osmium, and iridium which 
could have been treated in much the same 
manner as in Wollaston’s process for plat- 
inum. 

There were, however, instances where 
real effort was made to develop useful prod- 
ucts by means of powder metallurgy. As 
early as 1870, the fundamental idea of 4 
self-lubricating bearing was disclosed in 4 
patent by Gwynn® and was the prototype 
for a large number of later developments 
in the field. To 99 parts of tin prepared by 
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rasping of filing, one part of petroleum- 
still residue was added, and the mass heated 
and intimately mixed. The mixture was 
then pressed to give the shape and solidity 
desired. It was specifically stated by Gwynn 
that journal boxes made by this method or 
lined with the material would allow shafts 
to run at high speed without other lubri- 
cation.*° 

There were a number of metal powder 
roducers in the nineteenth century, most 
of them producing flake powders, but a 
virtual monopoly in the field was held by 
Sir Henry Bessemer from about 1840 to 
1885, when he retired from the business.” 
The process was a secret one and remained 
so for almost his entire business career, and 
the profits were so large that they financed 
the development of the Bessemer process 
for making steel. 

Essentially, the method used by Bessemer 
was one of machining very fine filaments 
from solid metal bars and passing the fila- 


ments through rolls to flatten and break 
them into flat tabular particles. Precautions 
were taken to prevent sticking and. give a 
high polish to the powder by adding a very 
sma!! amount of olive oil. The powder was 
graded by means of an air blast in a tun- 
nel ut 40 feet long and 214 feet wide, 
the {inest powder fraction being collected 
in bags attached to the end of the 
tut Bessemer’s powder metals included 
CO} ind most of the common alloys of 
cor 
with the relatively large scale pro- 
duc of flake metal powders by Bessemer 
up 385, and the subsequent preparation 
of ler metals by stamp mills which 
pul ed the metal by severe working, 
there was very little actual commercial man- 
ufa of solid compacts from powder 
met 
lectric lamp industry provided the 
sti for further study in the search for 
a ic filament to replace the carbon 
fil first used. This culminated in the 
pr n of the tungsten filament, ** *” 
an icated the technique to be applied 
in levelopment of the other refractory 
Metal powders are made in a variety ot 


ways, each method of preparation being 
suited to the metal being treated or to the 
end product desired. Experience has shown 
that no one type of metal powder can serve 
all the projected uses in industry, so it is 
not surprising that there have been de- 
veloped numerous methods for the prep- 
aration of metal powders, each of which 
has advantages for certain types of work, 
and which may or may not be suited for 
other uses.??> 74 

Listed below are some of the common 
methods which have been developed for 
producing metals and alloys in powder 
form. No attempt is made here to discuss 
these methods in detail or to point out the 
relative hazards®® involved in the various 
Processes. It is worthy of note, however, 
that many metal powders in a finely divided 
state have such a large surface area in pro- 
Portion to their bulk that they are usually 
subject to rapid oxidation, so rapid in many 
instances that they constitute an explosion 
hazard. Care must therefore be exercised 
throughout in the preparation of these pow- 
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metals as well as the production of cemented 
carbides, electrical contacts, and electrode 
materials. 

Even with the promise shown by this 
development and the production of other 
ductile heavy metals, there was little other 
commercial activity in powder metallurgy 
as late as 1915-1920. 

Various types of porous bearings had 
received sporadic attention, and in 1921, 
a new porous bronze bearing was de- 
scribed.** The material was a bronze having 
finely divided graphite uniformly distrib- 
uted throughout the mass. It was prepared 
by mixing the oxides of tin and copper with 
graphite, compressing the mass and heating. 
There was reduction of the oxides by the 
graphite and partial diffusion of the copper 
and tin to give a porous bronze structure 
in which excess graphite was uniformly 
distributed in amounts as high as 40 per 
cent by volume. In addition, there was 
sufficient porosity for the introduction of 
2 to 3 per cent of oil. Later developments 
utilized the metal powders rather than the 
oxides,** and porous bearings in a variety 
of compositions and forms have constituted 
a large part of the total production of 
powder metallurgy products over the years. 

Of considerable influence on the design 
and utilization of this type of bearing has 
been the demand by the automotive indus- 
try for large quantities of small bearing 
parts. Many of these parts are at inacces- 
sible places, and the value of a self-lubri- 
cating surface is apparent. As suggested 
previously, these bearings are not all of the 
simple pressed porous alloy structure de- 
scribed, but many are complicated such as 
those having a steel backing coated with 
a porous sponge alloy of copper-nickel in 
which the voids are impregnated with Bab- 
bitt metal.** 

A later development, and one which has 
had tremendous industrial significance, was 
the production of cemented carbides** ** ** 
and their use in cutting tools, dies, and hard 
surfaced parts of many types. Essentially 
these consist of finely divided tungsten car- 
bide particles bonded by cobalt, or in some 


How Metal Powders Are Made 


ders, and many must be prepared and 
stored in inert atmospheres. 


Machining 

Machining of metals to produce powder 
has been mentioned above in connection 
with the process of Bessemer. A relatively 
coarse powder is produced. The cost of 
production is usually high, and the powder 
use is limited to a few special applications 
such as dental alloys where no fines or dust 
are allowable, and where the high cost of 
the alloy itself justifies the extra cost of 
this method. 


Milling 

By the use of various types of mills such 
as stamp mills, jaw crushers, gyratory crush- 
ers, impact, and ball mills, both brittle and 
malleable metals can be reduced to powder. 
The friable metals tend to produce angular, 
jagged particles of irregular shape while 
the malleable metals usually produce flakes. 
Because of the lubricant necessary with mal- 


few instances, nickel or iron. Other carbides 
such as those of tantalum, titanium, or col- 
umbium may be added to impart special 
properties. 

Powder metallurgy is admittedly an art 
that has progressed more rapidly than the 
science, but the gap is being closed by 
investigations of a fundamental nature. 
Much of the lack of correlated information 
in the field has been due, in part, to an 
understandable reluctance of the manufac- 
turers to divulge information on their 
processes to competitors, and largely, as 
well, to the narrow specialized uses that 
apparently discouraged a general systematic 
investigation of the problems involved. 
Within the past ten or fifteen years, mainly 
through the efforts of producers of metal 
powders, research of a fundamental nature 
has been stimulated. 

Another factor has been the large scale 
adoption of the powder metallurgy process 
by the automobile industry and by ordnance 
manufacturers for use in the preparation of 
many different parts. The field is still nar- 
row and specialized, but the art has pro- 
gressed to the point where powder metal 
parts are competing, in some instances, with 
parts made by the standard melting, casting, 
and machining procedures. 

As in many similar situations where rapid 
expansion has occurred, there has been a 
tendency, not as yet based on actual per- 
formance, to oversell the product. This is 
a sign of healthy activity on the part of 
the exploiters in the field, but a somewhat 
unwise course for the industry as a whole 
to pursue. That there are limitations to 
powder metallurgy and many serious prob- 
lems unsolved, is now recognized, and there 
is a tendency toward more conservative 
evaluation of its potentialities. 

It is the purpose of the remainder of this 
article to describe some of the common 
methods of preparing metal powders, to 
explain the fundamental principles involved 
in powder metallurgy, to describe the ad 
vantages and limitations of the process, and 
to indicate the type of product that may 
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leable metals to prevent the flakes from 
welding together, this type of powder is 
not greatly used for molding metal parts. 
The grease or’other lubricant interferes with 
proper sintering, and there is an additional 
disadvantage of flakes in that low strength 
laminated or layered structures result in the 
pressing operation. The flake powders are 
more generally used as pigments in the 
paint industry where their flat surface is 
an asset for good coverage. 

A special type of mill, the Eddy Mill, 
can be used for malleable metals to give 
particles of suitable shape, fineness, and 
purity for the manufacture of sintered bri- 
quettes. Essentially, the mill consists of 
a chamber wherein are mounted two fans 
facing one another and operating at high 
speeds in opposite directions. The metal 
is introduced into the chamber in _ small 
pieces (e.g. 144-Y% in. lengths of 0.05 in 
diam. wire), which by collision with one 
another in the fan blasts, become finely pul- 
verized. The process can be accurately con- 
trolled and a variety of shapes produced 
as desired. 
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Shotting 

Metal shot can be prepared by dropping 
the molten metal from a small opening 
through air or an inert atmosphere into 
water. If the method is controlled prop- 
erly, a fairly fine shot can be produced. On 
the whole, however, this process in powder 
metallurgical work is confined largely to 
preparing intermediate size particles for 
further reduction by other methods. 


Atomization 

For metals having relatively low melting 
points, atomization provides a convenient 
method of producing fine particles. The 
molten metal is forced through a small 
nozzle orifice and broken up by a stream 
of compressed air, steam, or inert gas. The 
process can be controlled rather closely by 
proper choice of nozzle, pressure and tem- 
perature of the gas used, and the rate of 
metal flow. As a rule, it is applied to metals 
melting below 700 C. (1300 F.) such as 
lead, lead alloys, zinc, and aluminum, but 
copper, having a much higher melting 
point, has also been successfully treated in 
this manner. The product can be drawn 
off and collected in standard dust collector 
systems, and is suitable for many types of 
powder compacting. 


Carbonyl Process 

Both nickel and iron under suitable tem- 
perature and pressure conditions will react 
with carbon monoxide to form the respec- 
tive carbonyls.** From these carbonyls, the 
metals can be obtained by a reverse of the 
process, decomposing the compound to the 
metal and the monoxide. The virtue of the 
process lies in the shape of particles, which 
appears to be almost spherical, the purity, 
and the control which can be exercised in 
particle size. The method has been used 
for years in the Mond process for making 
nickel shot, but until recently, foreign pro- 


ducers exercised almost a complete monop- 
oly on the manufacture of fine powders 
from carbonyl. 

Within the last few years, iron carbonyl 
powder has been produced on a large scale 
in this country in several different grades 
suited to industrial needs. The iron pow- 
der is a specialty product commanding a 
higher price than that produced by most*® 
other methods, but because of superior 
properties, it has been used extensively in 
the electrical industry, particularly in the 
communications field for various types of 
magnetic cores. 


Condensation of Vapor 

Metals which have low boiling points 
can be vaporized and the vapor then con- 
densed in powder form, including zinc, 
magnesium, and cadmium. These powders 
are used mainly in the chemical industry. 


Reduction of Chemical Compounds 

Metal powders whose characteristics can 
be varied over a wide range are prepared 
in large quantities by reduction of com- 
pounds of the metal with hydrogen or other 
reducing gases at temperatures below the 
melting point. The oxide of the metal is 
most generally utilized for the purpose, and 
among the metals produced are copper, 
nickel, iron, cobalt, molybdenum, and tung- 
sten. The type and shape of the metal 
powder is governed somewhat by the com- 
pound from which it is reduced, so that 
within limits, these factors are controllable 
by proper choice of compound. 


Electrolytic Deposition 

Metals can be electrodeposited in several 
ways to obtain powder depending upon the 
plating conditions. A hard, brittle deposit 
may be obtained which can be further 
crushed or ground to small particles, or a 
soft sponge, or even the metal in powder 





form can be produced. The powder is usy. 
ally dendritic in shape and requires further 
treatment for use in molding. This gener. 
ally comprises milling or grinding opera. 
tion, and an annealing treatment to elimi- 
nate hydrogen and soften the powder. 


The Hydride Process and Other Methods 

Other methods for the preparation of 
metal powders include chemical precipita- 
tion; granulation; alloy formation and re. 
moval of an alloying constituent (such as 
platinum-arsenic, platinum-mercury, and 
gold-sulphur previously discussed ); and the 
hydride process.°° The last mentioned 
method is probably the only one of these 
which is of more than academic interest 
for powder metallurgy uses. 

Hydrides can be formed of many metals, 
those of titanium, zirconium, thorium, haf- 
nium, columbium, and tantalum being of 
particular interest since they are reported 
to be stable at room temperature. They 
are produced in 300 mesh size or finer, 
have the appearance of metal, and begin 
to dissociate into hydrogen and the pure 
metal in vacuum or non-oxidizing atmos- 
pheres above 350 C. (660 F.). The hy- 
drides can be mixed with other metal 
powders, and when compacted and sintered, 
slowly release hydrogen which creates a 
protective: atmosphere around the metal 
particles and sometimes acts to remove ox- 
ide films already present. 

Despite the number of methods known 
for producing metal powders, the bulk of 
the powders used on a large scale are pro- 


duced by only three methods,” electrolytic 
deposition, atomization, afid reduction of 
metal oxides or salts by gases. The carbonyl 
process produces a specialty product as does 
the hydride process, and while both have 
their uses, the amounts consumed ar: still 
small in relation to that prepared the 


other methods. 


Powder Metallurgy Processing Operations 


As has been indicated in the introduction, 
there are a number of definite steps in the 
powder metallurgy process, which may be 
summarized as follows: 

l. Selection of the powder or powders 
best suited for production of the part 
under consideration. 

Proper mixing or blending (if more 
than one type of powder is being 
used ). 

Pressing (sometimes followed by pre- 
sintering ). 

4. Sintering (sometimes followed by an 

impregnating operation). 

5. Coining or sizing operation if neces- 

sary. 
Each of these important operations is dis- 
cussed in detail below: 


=») 


Selection of Powder 

When the actual metal or alloy compo- 
sition has been decided upon, there are a 
number of factors which must be considered 
in the selection of the type of powder itself. 
An essential characteristic is purity** because 
in the powder metallurgy process impur- 
ities cannot be slagged off as in most 
melting processes, and may interfere with 
pressing and sintering operations. Oxide 
films, for example, may prevent good con- 
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tact between metal particles. Clean surfaces 
are essential if ductility, and high tensile 
and shear strength are required in the 
finished article. In most cases, there is a 
definite limit set for objectionable impuri- 
ties in a given powder, but in some 
instances materials normally classed as im- 
purities are deliberately added to obtain 
a desired result. An example is the addition 
of thorium dioxide to tungsten as later 
described in the section on types of metal 
powder products. 

The physical properties of the metal 
powders are also determining factors in 
their selection. These include particle shape, 
size, hardness, particle size distribution, 
flow characteristics, apparent density of 
loose powder, and particle grain structure. 

Particle shape and size is governed largely, 
by the method of production of the powder 
as has been suggested previously. The 
carbonyl process yields spherical particles, 
for example, while other methods produce 
particles that are angular, acicular, spongy, 
flat, rounded, granular, dendritic or other- 
wise irregular. 

The hardness depends largely upon the 
metal itself, its purity, and the method of 
preparation. Hardness, in addition to shape 
of the particle, will be reflected in the 


amount of pressure required to obtain a 
given density in a finished part, and is a 
factor in the economics of die cost because 
of its influence on die life. 

Particle size distribution in a metal pow- 
der is of great importance although no 
particular specification can be set up at 
present. The problem of size distribution 
and shape has been treated in some detail 
by W. D. Jones** and others, especially as 
concerned with interstitial volume or poros- 
ity. If all particles were cubes of the same 
size and could be placed in perfect order 
with the cube faces matching identically, 
there would be a minimum of porosity 19 
the powder and in the pressed part. This 
is obviously impossible of attainment. In 
practice, packing is not systematic, but ran- 
dom, and even if identically sized cubes 
could be obtained, the voids between paf- 
ticles would be appreciable. 

In addition to the porosity resulting from 
the random packing, there are cavities which 
are due to bridging action of the particles 
themselves. This bridging is not due to 
irregular or angular particle shape, but cao 
occur quite easily with spherical particles. 
Shaking or compressing the powder tends 
to destroy the bridges or arches and allow 
denser packing. As the powder is shaken 
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nze munitions part, on the left, and a pile of metal powder from which it is made 


e tolerances in a matter of seconds, as compared with 90 minutes production time 
nventional methods. (This and the next 5 illustrations of powder metallurgy processes 
were furnished by Chrysler Corporation’s Amplex Div.) 


there is rotation of particles until 
nding surfaces come in contact and 
ly dense packing is obtained. Such 
on may not be present, however, 
the rapid stroke in a die, and the 


s cannot seek corresponding sur- 
f In this case, there is a deformation 
of particles pressed against one another 
s\ there may be an actual keying, and 
t! naller particles may be pressed into 
tl ids to produce the same result of 


di packing. With a distribution of 

p size, the voids between larger par- 

ti an be filled with smaller particles 
a practice, that is what is sought. 

problem of setting up specified sizes 

ticle size distribution for powder 

rgy methods is not easy, however, 

of practical complications arising 

pressing and sintering operations. 

ze rather than total porosity then 

-s the problem, since, in sintering, 

1e smaller pores may become closed. 

sent, the manufacturer of metal pow- 

annot guarantee his particle size dis- 


tt ion, nor can the user determine and 
S] exactly what he needs. The grades 
can be approximated, only, and the types 
required must be determined in an em- 


pirical manner.** 

apparent density (or loading weight) 
is the ratio of weight in grams to volume 
in cubic centimeters of powder, measured 
according to some specified method of fill- 
ing a designated receptacle. It is of con- 
siderable practical importance since it has 
effect on several of the operations of powder 
metallurgy, especially that of pressing the 
compact. The lower the apparent density 
of a powder as compared with the actual 
density of the solid metal, the greater will 
be the volume of powder required to pro- 
duce a briquette of given size. This neces- 
sitates deeper dies and longer plungers than 
for denser materials, and for very low 
apparent densities, may become a serious 
design problem. 

Powders can usually be supplied in a 
range of densities, and the proper powder 
selected for use. For proper blending and 
mixing of different metal powders for pro- 
ducing solid metal parts, it is advisable to 
select | grades having comparable apparent 
densities. An example of the use of low 
density copper powder may be cited: For 
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the manufacture of starting brushes in the 
electrical industry, copper powder and car- 
bon powder are mixed together and com- 
pressed. By using copper powder of a low 
apparent density, approaching that of the 
carbon (1.2), good blending is assured 
and the danger of segregation eliminated.** 

Low rate of flow of metal powders inter- 
feres with automatic pressing operations 
and may make it necessary to install vibrat- 
ing equipment on the feeder hopper or even 
on the die itself. Rate of flow is influenced 
by particle size distribution, particle shape, 
and amount of absorbed moisture. 


Mixing or Blending 

When only one metal is to be pressed 
and sintered, there is usually no necessity 
for mixing since the powder as received 
from the manufacturer is generally well 
blended. Where several batches of the 
same metal of different particle size distri- 
bution are to be added, or where different 
metal powders are to be used, it is necessary 
to mix them thoroughly prior to pressing 
and sintering. This may be done in any 
of the standard type mixers or blenders 
with the precaution, in some instances, of 
providing against oxidation of the powders. 


Pressing 
For preparation of the compacts, the 
pressing operation may be done at either 


ordinary or elevated temperatures. The 
majority of parts produced, however, 
are pressed at room temperature. The 
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presses*’’ °° which now are designed pri- 
marily for this type of work may be of 
the mechanical or hydraulic types for high 
production rates with modifications for rapid 
plunger strokes as required. 

The dies are generally of hardened steel 
having the inner surfaces highly polished 
by lapping with polishing rouge in the 
direction of the plunger stroke so that. any 
fine scratches that remain are in the direc- 
tion of ejection of the pressed part.** In 
some instances where parts are made from 
highly abrasive particles, the dies are made 
of or lined with hard carbide materials. 
Die depth depends upon the apparent den- 
sity of the powder being pressed, but the 
usual ratio of depth to part thickness is 
approximately 3 to 1. The greater die 
depth required for powders of lower density 
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introduces the complications of friction at 
the die sides, unevenness of pressure dis- 
tribution, and internal friction of the pow- 
der itself. There is almost no lateral flow 
in the powder mass, a condition which 
limits the shapes that can be pressed. 
Pressure used varies from 5 to over 100 
tons per square inch, in general, and is an 
important factor in limiting the size of 
parts made by the powder process. 
Following pressing, a powder compact 
may sometimes be given a pre-sintering 
treatment below the normal sintering tem- 
perature in order to increase its strength 
to facilitate handling, or to remove lubri- 
cants or binders which might cause diff- 
culties later. 


Sintering 


Sintering**: **: ** is the fundamental proc- 
ess in powder metallurgy whereby solid 
bodies are bonded by atomic forces. 

Theoretically it is possible to obtain 
bonding by bringing the powder particles 
into so close contact with one another that 
the atomic forces of cohesion may become 
operative. But this occurs only when the 
respective atoms of such adjacent particles 
are distant in the order of magnitude of the 
crystal interatomic spacings, a condition 
against which there are many obstructions 

Visually and even microscopically smooth 
particles have surfaces which are extremely 
jagged with respect to interatomic spacings 
and crystal planes. Then not large, flat areas 
representing large numbers of atoms, but 
only successive points representing rela 
tively very small groups of atoms can be 
brought into sufficiently intimate contact. 
Moreover, even this small contact may be 
reduced by the presence of oxide films. 

An increase of pressure will improve the 
bonding of such powders since the particles 
are deformed and pressed against one an 
other to give increased surface contact. At 
the same time, rupture of the oxide film: 
may occur with subsequent closer contact 
of the metal particles. This is the general 
case for pressed powder compacts, or “green 
compacts” as they are designated. There is 
frequently a surprising strength associated 
with such pressed parts, but on the whole, 
a heat treatment is necessary to produce a 
material approaching the strength and solid 
ity of a cast or wrought metal part. 

The heating of pressed powder briquettes 
is usually done in an inert, reducing, or 
neutral atmosphere, or in vacuum. The 
, temperature used is determined by the metal 

‘powders comprising the compact, and by 
the properties desired in the final product. 
The melting point is not exceeded for any 
of the components of the mixture except 
in those instances where such fusion of a 
minor constituent is desired, as, for example, 
in the production of cemented carbides. 
No definite temperature may be set for the 
heat treatment, but general practice is to 
treat at a temperature about two-thirds that 
of the melting point of the metal or alloy 
being fabricated. Higher temperatures are 
frequently used, however, and may be only 
slightly below the melting point. 

The effect of heat is possibly that of 
causing increased surface diffusion and 
plasticity. The atoms on the surface of 
metal particles possess considerable mobility 
far below the melting point, and the surface 
energy at elevated temperatures may be 
appreciable. Where particles are in con- 
tact surrounding a void, flow of metal is 
in such a direction as to increase the area 
of contact. 
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Preparing a “mix” of metal powders for 
blending in a mixing or blending machine. 


Most of the developments and uses of 
metal powders described thus far, it should 
be noted, have been concerned with prod- 
ucts which could not be produced in any 
other way than by powder metallurgy proc- 
esses. This, in fact, has been the principal 
held of powder metallurgy. 
with uniformly distributed 
not possibly be fabricated by any of the 
standard melting and casting techniques, 
nor could the carbide cutting tools be like- 
wise manufactured 


Porous bearings 
porosity could 


Reasons for Use 

In general, the powder metallurgy process 
has been applied for the purposes outlined 
below :** *?: #4 
|. Production of refractory metals such 
as tungsten, tantalum, columbium, 
and molybdenum. 
Development of structures not prac- 
tical by other methods. These include 
not only articles requiring uniform 
or controlled porosity such as porous 
bearings and metallic filters, but prod- 
ucts like telephone and radio cores as 
well. 

3. Preparation of metals to include uni- 
formly distributed non-metals. 

4. Preparation of samples comprising a 
metal with another metal or metals 
which would be immiscible in the 
molten state, or which do not form 
illoys, e.g. tungsten-copper contacts 
ind electrodes. 

5. Preparation of samples of twa or 
more metals where one component 
has a low boiling point. 

6. Fabrication of products that can be 
made more economically by the pow- 
der process than by other methods.** 

Considerable work has been done by the 

automotive industry and others in develop- 
ing products from powder metals that fall 
into class 6 above. There are many instances 
where automatic pressing and continuous 
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When the sintering temperature is with- 
in the recrystallization range of the metal 
or metal alloy powder being treated, marked 
structural changes may occur. Recrystalli- 
zation takes place at sites of plastic strain. 
Since these sites are regions of contact be- 
tween particles, new crystallites form and 
grow into the adjacent particles so that a 
new series of grain boundaries is formed. 
The numerous cavities or voids present in 
the structure are not completely filled in 
or sealed in this operation. 

This could not occur without change of 
overall dimensions of the compressed mass. 
The voids may be present at the new boun- 
daries or even enclosed in the crystallites, 
and produce a non-homogeneous sintered 
metal of relatively weak structure suscep- 
tible to sudden shock. By a high temperature 
treatment just below the melting point, or 
by alternate working and annealing, the 
voids can be closed and the metal consoli- 
dated to a dense, strong mass. 

Surface oxide films which interfere with 
the sintering operation may sometimes be 
destroyed by treatment of the powder com- 
pact in a reducing atmosphere. If the oxide 
cannot be reduced in this manner, the pure 
metal can only be obtained by sintering 


Products and Applications 


annealing operations on small parts in quan- 
tity have made the process economically 
feasible for competition with the standard 
casting method. There are many factors in- 
volved in determining whether parts should 
be thus fabricated, and these will be de- 
scribed at greater length in the section on 
limitations of the powder method. 

With the advent of increased production 
for war purposes, the powder process has, 
in many instances, been utilized to insure 
a steady supply of many small parts needed 
for ordnance. The use of powder metal- 
lurgy has released machines and mechanics 
for other types of work, and because of the 
speed and ease of setting up for production, 
it has often been possible for suppliers of 
small parts to adhere to schedules they 
could not otherwise meet.** In addition, 
because of the low metal loss connected 
with the powder process, there is consider- 
able saving of scarce or strategic material. 

To the six general classes of applications 
listed above, can then be added another 
class that can best be described as utilitarian. 
The powder method has been used as an 
expedient to supplement and extend normal 
production methods without regard to cost. 
However, it has often proved itself to be 
economically competitive, and in many 
cases, has effected considerable savings over 
normal production methods.** 

The intensified war production schedules 
have opened the larger field that has been 
long predicted by powder metallurgists, 
that of using the powder method to displace 
the conventional methods of making many 
parts not in the classification of specialty 
products. Even under the abnormal war 
conditions, however, there are indications 
that progress along these lines will not be 
rapid and the early promise shown has not 
been completely realized. Progress has been 
made, nevertheless, but many of the devel- 
opments and products are known only to 
those workers actually engaged in produc- 


operations if the oxide has a higher vapor _ 


pressure than the metal.** 


Gases, either adsorbed, dissolved, en 


trapped, chemically bound, or resulting from ~ 
chemical action, may interfere with sinter.” 
ing and the general rule is to avoid them 
if possible in attempting to produce solid” 
metal. 

Following sintering, there is sometimes” 


a treatment for impregnating a porous © 
structure with some material designed to ~ 


confer special properties to the compact. 


Pressed and sintered bearings may, for | 


example, be impregnated with oil, and g 
strong, porous network of tungsten may 
be impregnated with copper by suitable 
means to produce spot and seam welding 
electrode material having high compressive — 


strength associated with good heat and ff 


electrical conductivity. 


Coining or Sizing 

Although the dimensional telerances of 
sintered metal parts can be rather closely 
controlled, it may be advantageous to con- 
trol final size and improve surface structure 
by a coining operation consisting in re 
pressing the compact in a die of suitable 
size. 


ing parts for the wartime program, and 
only when the story of the progress made 
can be told, will complete evaluation of the 
process be possible. 

It is the belief of some engineers and 
metallurgists, as yet realized comme: cially 


with only a few special items, that parts 
can eventually be prepared by powder neth- 
ods with properties superior to thos° ob- 
tained by melting, casting, and working 
techniques. At least ome investigator reéa- 
soned that since sintered tungst is 
stronger than fused tungsten, iron or steel 


prepared similarly should show the same 
superiority.** Actual studies conducted using 
relatively high compacting pressures indi- 
cate that both iron and steel can be pre 
pared by powder methods with tensile prop- 
erties better than those obtained on the 
same materials made by fusion processes. 


Typical Products 

Most of the materials produced by pow- 
der metallurgy prior to about 1940 are well 
known; some have already been mentioned 
in this article, but for convenience are in- 
cluded in the following descriptions of 
typical products. Others of more recent 
development owe their immediate existence 
to the demands of wartime production, and 
while some have been described in some 
detail in the technical literature, many have 
had only brief mention. Some typical parts 
made by powder methods are shown if 
the accompanying illustrations. 


Cemented Carbides*” ** ** * 

Although tungsten carbide was produced 
many years ago and was found to be ex- 
tremely hard, it was so brittle and low in 
strength that its use commercially where 
advantage could be taken of the high degree 
of hardness was not possible. About 20 
years ago, it was discovered that the addi- 
tion of a small amount of metallic constit- 
uent, such as cobalt, to the tungsten carbide 
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nded powders are pressed to shape 
at ures normally up to 50 tons per 
5q ometimes higher). The powder is 
fea the die through the tube at the left, 
th t is pressed, and the pressed part is 
eje from the die (as shown here)—all 
automatically. 
ind 
def po would yield a hard, relatively strong 
the Lb co! t after sintering. During the heating 
ope 1, there is partial melting with 
ind sO! ution of the carbide by the cobalt; 
uly ‘ an ooling, the cementing material pro- 
rts : required strength. 
th- { ethod of preparing the powders, 
ob- q ng, and singering has undergone 
ing Gf ible improvement since the first 
Ca- a naterials were made. Essentially, in 
is ou the process consists of first prepar- 
eel in tungsten carbide powder, mixing it 
me Wi balt powder and ball milling the 
ing mix until proper grain size is obtained 
\di- an carbide particles are coated with a 
re- thin !ayer of the cementing metal. In this 
Op- treatment, other carbides are added as re- 
the qui Following the milling operation, 
the mixed powders are pressed in suitable 
molds and given a pre-sintering heat treat- 
ment to increase the strength for handling 
W- and remove, by volatilization, lubricants 
vell which may have been used to facilitate 
ned pressing. 
in- After the pre-sintering operation, the 
oc & compact can be cut to desired shapes quite 
ent Jf readily. The sintering treatment which fol- 
nce lows is carried out at about 1400-1500 C. 
and (2550-2750 F.) with the pressed parts 
me placed in carbon boats or on carbon slabs 
ave and heated in a suitable neutral or reducing 
arts atmosphere. There is considerable shrinkage 
in in dimensions in this sintering treatment 
fs which gives a product that is hard, dense, 
i sound, and strong. Any further shaping is 
done by grinding or lapping operations. 
ced The cemented carbides have many uses 
ex- usually falling into the three general classes 
in of die materials, cutting tool materials, and 
ere wear and corrosion resistant materials. 
sree The die materials are usually the simpler 
20 tungsten carbide compositions and can be 
ddi- used to advantage for extruding, drawing, 
stit- sizing, and other operations where the 
vide 
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shape or dimensions of the article being 
worked is changed but where no metal is 
removed in the operation. The tungsten 
carbide can be used in this way for shaping 
many types of metals and alloys and this 
has been a major use of the product. 

Cemented carbides, either the simple type 
or the mixtures, depending on the applica- 
tion, have been successfully used as cutting 
tips on a variety of tools, and for a number 
ot different materials. This use has in- 
creased steadily due to the remarkable in- 
crease in production achieved. Decrease in 
cost of the tips and parts during recent 
years has further stimulated use. 

Wear and corrosion resistant parts in- 
clude gages, guides of many types, pump 
valves for abrasive materials, sandblast 
nozzles, burnishing tools and dies, and 
many others where utilization of the supe- 
rior properties is indicated. 

One use recently reported*® has been that 
of cemented tungsten carbide for bullet 
cores in ammunition for anti-tank weapons 
used by the enemy in the desert warfare in 
Africa. The material has about twice the 
density of steel and is much harder, and 
although not greatly resistant to shock 
under normal conditions, becomes quite 
effective under the high pressures attained 
during striking and penetrating armor plate. 


Porous Bearings 

Porous bearings, always a large runner 
in the powder metallurgy field, have been 
described in the section on the historical 
development. Where the bearings are im- 
pregnated with oil, there is usually sufficient 
oil to last the lifetime of the assembly, but 
provision can readily be made for supplying 
additional oil if needed by utilizing the 
capillary action of the interconnecting pores 
to draw oil from a reservoir in contact with 
the bearing wall. In such assemblies, there 
is always a film of oil for the shaft to run 
on in contrast to normal bearings where an 
oil film does not coat the shaft until run 
for some time. 
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Motor Brushes and Commutator Segments 

Numerous types of current collector 
brushes are now made by powder methods. 
Copper powder can be added to the graphite 
mixture, the desired part pressed and sin- 
tered below the melting point of copper to 
develop a strong, high conductivity brush 
of longer life for use against copper sur- 
faces. Greater wear resistance may be ob- 
tained by adding zinc, tin, or nickel to the 
mixture. Improvement in operating smooth- 
ness may be attained by the incorporation 
of lead.** ** 

The brushes can be pressed around pig- 
tail conductor wire inserts to insure good 
contact for the lead wire and eliminate at- 
tachment problems. 

Commutator segments, resistance rings, 
and rotor bars in squirrel-cage motors, have 
been successfully produced from copper by 
powder metallurgy methods.*’ 


Refractory Metals 

Because of high melting points, the re 
fractory metals, of which tungsten, molyb- 
denum and tantalum are the most impor- 
tant, are prepared by powder methods. The 
preparation of each is similar, with the 
technique differing only in certain details 
where the characteristics of the individual 
metals require it.** 

With tungsten,*” the ore is treated by 
chemical methods to yield pure tungsti 
oxide which is then reduced by hydrogen 
at 650-950 C. (1200-1750 F.) to give 
tungsten powder with a particle size range 
from 0.5 to 8 microns. As with other metal 
powders, care is exercised throughout to 
maintain high purity. After proper mixing 
and blending, the powder is compressed and 
the briquette given a pre-sintering treatment 
at 1000-1200 C. (1800-2200 F.) to give 
sufficient strength for further handling. 

The resulting bar is then clamped in 
electrodes in a suitably designed hydrogen 
chamber, where acting as a resistance heater, 
heavy electric current is passed through it 
The compact shrinks, the density increases, 
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Small pressed metal-powder parts are here being placed on a continuous conveyor belt 
before entering the heat-treating or sintering furnace, in which the “green,” relatively weak 
briquette is strengthened by consolidation and bonding. 
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and a relatively solid bar results which can 
then be hot worked. During the swaging 
or rolling, the working temperature can be 
gradually decreased until there is sufficient 
ductility by control of grain size to draw 
the material cold. 

For tungsten used in lamp filaments, cer- 
tain additions such as thorium oxide, or 
compounds of sodium or potassium mixed 
with such relatively non-volatile materials 
as silica, alumina or thoria are intimately 
mixed with the tungstic oxide prior to re- 
duction. These additions are effective in 
controlling grain growth and _ insuring 
proper grain boundary orientation for pro- 
ducing ‘‘non-sag” coiled filament. 

Essentially, the sodium and potassium 
compounds promote large grain growth 
while the others such as thorium oxide in- 
hibit grain growth under the conditions of 
wire fabrication. When the material is 
drawn in wire form, the thoria particles 
form elongated stringers in the direction of 
drawing and tend to prevent grain growth 
across the wire while allowing exaggerated 
growth along the axis of the wire. The 
resulting structure of long grains with 
boundaries forming acute angles with the 
longitudinal axis of the wire is ideally 
suited for the coil type of lamp filament. 

Molybdenum and tantalum are prepared 
in much the same manner as tungsten, al- 
though tantalum sintering and annealing 
must be conducted in high vacuum because 
of the ability of the metal to absorb and 
retain gases at high temperatures. 


Heavy Alloy 

“Heavy alloy” is the name applied to a 
group of alloys composed of tungsten, 
copper, and nickel having a density of 16 
grams per cc. or greater.*°** They were 
originally developed for fabricating the con- 
tainers and nozzles for radium units, but 
have such interesting properties that a num- 
ber of other uses have become evident. 
Specific properties depend upon the com- 
position, but generally the tungsten com- 
prises about 90 per cent of the alloy. 

One of the best compositions is that of 
90 tungsten—7.5 nickel—2.5 copper which 
has properties as listed below: 


Tensile strength................... 90,000 p.s.i. 
pT ee . 83,000 p.s.i. 
Elongation in 1 inch..........4% 

Modulus of elasticity........ 32 x 10° p.s.i. 
Brinell hardness wee 250-290 

SRE REE Ra, eis 16.3-17.0 gms. per cc. 


..5.6 x 10-8 
0.25 c.g.s. units 


Coefficient of expansion 
Thermal conductivity....... 


The alloys are prepared by mixing the 
metal powders dry, adding a small amount 
of wax, in benzol solution, mixing until 
the solvent has evaporated, and then press- 
ing to shape. The compact is heated slowly 
to about 1000 C. (1800 F.) and then 
sintered at a higher temperature at which 
the nickel and copper particles fuse, and the 
tungsten is not only wet by the liquid, but 
actually dissolved. The fine particles are 
thus dissolved, but tungsten is reprecipitated 
on certain nuclei to develop large rounded 
grains. The solution and redeposition con- 
tinue until the original fine tungsten par- 
ticles are replaced by grains approximately 
100 times the original particle diameter. 
The alloy thus consists of tungsten particles 
in a cementing phase of copper-nickel- 
tungsten. 

There is a shrinkage of up to 20 per 
cent, and the resulting compact is free of 
porosity. The alloy has good machining 
properties and can be treated much like 
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many cast alloys. It has good corrosion re- 
sistance and can take a variety of surface 
finishes. 

In addition to its use in X-ray and ra- 
dium work, its high density and strength 
make it attractive for use as a counterweight 
material in high speed motor setups of 
many types. 


Electrical Contacts and Electrode Materials 

Powder metallurgy can be utilized to fab- 
ricate material composed of two or more 
metals without any appreciable alloying so 
that the characteristics of each of the com- 
ponents may be retained to a large degree. 
This has opened a large field for electrical 
contacts and welding electrodes made by 
using compositions where the refractory na- 
ture of materials such as tungsten, molyb- 
denum, nickel, or graphite can be retained, 
while good electrical conductivity may be 
obtained with copper and silver.**: **: *? 

Another type of material with good spark 
quenching properties is the combination of 
silver and cadmium oxide, which, because 
no alloying results, also has high electrical 
conductivity.** 

The contact materials may be made by 
any of the suitable powder techniques. One 
method is to press and sinter the powder 
composition sought, with or without final 
sizing or shaping of the part. Another 
method that is utilized for making tungsten- 
copper compositions consists in pressing a 
bar from tungsten powder and sintering 
at 1300 C. (2370 F.) in hydrogen. The 
tungsten thus forms a strong porous struc- 
ture which can then be impregnated with 
copper. This may be accomplished by plac- 
ing the part in a graphite boat with copper, 
heating above the melting point of the 
latter, and allowing the voids to be filled 
by capillary action.** 

No single contact material is satisfactory 
for all purposes, and a number of different 
combinations have been developed. These 
include silver-tungsten, copper-tungsten, sil- 
ver-graphite, silver-molybdenum, cemented 
tungsten carbide, and copper-nickel-tung- 
sten. They are used in many installations 
such as circuit breakers, welding machines, 
relays, and many types of industrial control 
equipment. 


Alnico Magnets 

Many Alnico magnets of small size have 
been produced commercially by powder 
methods.*® *® Magnets made in this manner 
are fine grained in contrast to the relatively 
coarse grained material obtained by casting 
methods. The material is uniform through- 
out with no cold shuts, cracks, blow holes 
or grain boundary segregation so that a 
more uniform flux density is obtained. Of 
particular interest are the close dimensional 
tolerances which can be maintained in the 
powder method and the small amount of 
grinding required in finishing. The com- 
position can be held much more closely 
than for the cast alloy. 

The process is limited economically to 
the production of small samples. Large sam- 
ples can be prepared by conventional meth- 
ods at a cost that would not allow sintered 
products to compete. 

The presence of a highly oxidizable ele- 
ment (9-13 per cent of aluminum) pre- 
sented difficulties when attempts were first 
made to prepare Alnico by sintering pressed 
compacts. To overcome this oxidation, the 
aluminum is added in the form of alloy 
powder of 50 aluminum-50 iron composi- 
tion prepared by crushing and ball milling 



















a casting of the brittle material.” In such 
form, there is practically no oxidation of the | 
aluminum under the sintering conditions 
which prevail. 

Another method to minimize or elimj. 
nate oxidation in sintering operations uti]. 
izes, in addition to the 50 aluminum-59 
iron powder, approximately 2 per cent of 
titanium hydride incorporated in a po 
mixture of aluminum-iron-nickel.** Decom. 
position of the hydride commences at about 
450 C. (850 F.) with release of nascent 
hydrogen so that during the sintering oper.” 
ation, oxidation is prevented and part of 
all of any oxide already present may be 
reduced. (The need for titanium hydride ip © 
the preparation of alloys of this type, and ~ 
the effect of the hydride in controlling ox. 
idation has been the subject of some dis. 
cussion.** Its use is mentioned here only 
as a variation of the method described aboye | 
and apart from any effects it may have on 
the magnetic properties of the alloys to 
which it is added.) 


Metal Filters and Screens 

Related to the porous metal type of bear- 
ing and prepared in much the same way 
are the metal filters and screens mace by 


powder methods.*: *® Bronze, copper-nickel 

alloys, or pure nickel may be utilized, and 

porosities up to 80% by volume be 

obtained. These filters have been 1 to 

advantage in the chemical industry for fil- 

tering strong alkaline solutions, and other = 

liquids of many kinds. One reported «ppli- FL da 

cation is as a fuel filter 5 inches k and 

2 inches in diameter for a Diesel encine! 
Generally, the filter part can be bonded 


to steel or copper and made an integr*! part 
of the apparatus in which it is to function. 
In the manufacture of the filter;, the 








porosity can be accurately control! In 
addition to the methods of producing > orous 
parts as previously described, a high \ por- 
ous metallic mass can be prepared sin- 
tering the component fhetal powders me- 
times with volatile additions) in un- 
compacted condition using a prote at- 
mosphere and a temperature determined by 


the type of powders used.*° 


Alloys Requiring Close Composition-Control 
There are some alloys for specie! pur- 


poses where accurate control of composition 
and reproducibility of composition «re of 
primary importance. Two such materials 


are low expansion alloys for metal to glass 
seals, and thermocouple wire for tempefa- 
ture measurement. 

An alloy of 54 Fe, 28 Ni and 18% Co 
having approximately the same coeflicient 
of expansion as certain grades of glass is 
normally prepared by melting and casting 
procedures. This alloy can be prepared by 
sintering methods, however, with the same 
physical characteristics, but with closer com- 
position control and less contamination.“ 

Alloys of nickel-molybdenum and nickel- 
tungsten have been prepared by powder 
methods for use as thermocouple elements. 
When these are used with nickel wire as 
the second element, the couples can operate 
at temperatures up to 1300 C. (2400 F.) . 
for nickel-molybdenum and 1400 C. (2550 §& 
F.) for nickel-tungsten. Ease of preparation § 
and not reproducibility of composition was 
probably the main factor in the fabrication 
of these two types of thermocouple elements 
since the compositions reported are in the 
range where relatively large changes 1 
composition produce little variation i 
thermoelectric voltage. 
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earings are here shown being removed from the oil-impregnation bath often used 


to give permanently built-in lubrication. 


Pe Ordnance 


ready been mentioned, many 

tal parts are being manutactured 
equipment of the Armed Set 
while im some instances, the 
made by powder methods only 
expedience, it should be noted 
cases, definite specifications must 
efore acceptance, and a powder 
rt that does not meet the rigid 
nents has no more chance of accep- 


ta ian has an interior part made by 
otl ethods. 

1g the parts which have been suc- 
ces produced are copper and brass 


bands for projectiles.** While the 
the powder metal bands is greater 


tha at of bands made in the normal 
ma from copper or brass tubing, they 
compare favorably in actual performance in 
hiring tests both as to behavior on the projec- 
til wear on the gun barrel. 

vement of the strength of porous 
metal bearings has been a factor in their 
adoption for use in anti-aircraft guns where 
they may operate under severe conditions. 
lt has been reported that 100 parts are thus 


utilized in a single gun installation.” 

ther item reported to be in produc- 

an iron powder part of an elevating 
id mechanism for both the .30 and .50 
ber anti-aircraft machine guns.*® Knurl- 
ing of the outer surface of the ring part 
and the marking off of degrees are per- 
formed on the part in a coining blow. 


Sintered Iron Parts 


Prior to the wartime demands tor sin- 
tered iron parts, there had been developed 
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a fairly extensive field for peacetime uses 
particularly in the automotive industry 
been manufactured for some 
time, and tollowing this, production had 
extended to the fabrication of oil pump 
gears, door catches, cams, and other parts 
where very high strength is not essential 
In general, these sintered iron parts have 
mechanical properties similar to those of 
cast iron, but considerable range in proper- 
ties may be obtained by proper selection of 
raw material and treatment. Grading of 
parts from iron powder into three classes 
according to the type of product and proper- 
ties has been outlined as follows:°* ™ 
Type A: Materials having mechanical 
properties similar to ordinary 
cast iron suitable for applica- 
tions where stresses are very 
low. 
Materials similar to Type A 
but having improved tensile 
strength, a definite yield point, 
and a noticeable elongation. 
Materials having mechanical 
properties approaching ordi- 
nary malleable iron, suitable 
for applications where stresses, 
including impact, are moderate. 
Prior to 1941, the iron powder used com 


Bearings had 


I ype ¢ 


mercially for pressed and sintered parts was 
of Swedish origin because that was the only 
powder available in quantity, quality, and 
at a price which allowed competition eco 
nomically with established methods of pro 
duction. Domestic iron powders are now 
available, however, that are superior to 
those formerly imported. 

Of the sintered iron products manufac- 
tured in this country, an interesting example 
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is a small gear for automobile oil pumps.** 
This gear was formerly made by machining 
cast iron blanks but was adapted for powder 
metal production because of greater ease in 
fabrication at less cost and more satisfactory 
operation. The gear teeth must be true 
involute curves with surfaces such that 
noisy operation and binding are prevented. 
All of these characteristics can be readily 
obtained by pressing and sintering, while 
more difficulty is encountered with cast 
gears because of the intricate machining 
work involved. The sintered gear avoids 
these expensive machining operations, and 
the teeth have so much better surface finish, 
and mesh so accurately, that noisy operation 
is avoided. In addition, the associated por- 
osity is helpful in that oil impregnation 
assists in smoother and quieter operation. 

The pressed gears are lighter in weight 
than the cast gears, and while the mechani- 
cal properties are not of high order, they 
are satisfactory for the use 


Cladding and Duplexing 


Powder methods are useful in cladding 


duplexing, or any of the processes wherel 
one metal or alloy may be coated with art 
other for protective purposes, to obtain sp 
cial properties as in bimetal strip, to obtai 
hard surface layers on strong, tough backing 
material. or to obtain a thin layer of rel 
tively high cost met 
res of! i suitaDl 

For fabrication of metal, la 
respective component metal pow 1iers ma De 
placed in the die in the desired proportions 


and compacted. Upon sintering, an alloy 
bond is formed between the layers, and the 


briquette may be rolled. or otherwise worke 


to the desired thickness ‘ An advantage 
of this type of bimetal fabrication is the 
use of alloy bonding at the interface instead 
p 7 hertor? ; ? 
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of a solder which might limit the operating 


temperature of the material.'* 
. 


Metallic Friction Materials'* * 


The ordinary type of friction material for 
brake linings, clutch facings, and similar 
uses is generally composed of asbestos with 
an organic type of binder. Under normal 
operating conditions, this type of material 
is quite satisfactory, but where severe con- 
ditions of operation are encountered, the 
heat generated at the braking surfaces may 
be sufficient to decompose the binder and 
cause rapid wearing of the friction facing. 

By powder methods, however, a metallic 
matrix can be formed with admixtures of 
friction producing ingredients to give a fac- 
ing that is capable of withstanding the high 
temperatures generated under severe oper- 
ating conditions. The exact composition of 
the facing is determined by the require- 
ments, and a number of different metallic 
and nonmetallic materials are used. Gener- 
ally, however, the basic ingredient of the 
matrix is copper to which may be added 
such modifying metals as tin, lead, zinc or 
iron. The friction producing powder is gen- 
erally an abrasive such as silica or emery 
which is varied in amount according to the 
coefficient of friction that is desired. 

The metallic elements may constitute 
only about 50 per cent of the part by vol- 
ume with the other 50 per cent represented 
by nonmetallic ingredients and pores. Con- 
sequently, the facing is weak and brittle and 
usually bonded to a strong backing plate. 

The friction materials are prepared in the 
normal manner by mixing suitable powders, 
compressing in suitable form (usually as 
thin annular rings), and sintering. The sin- 
tering operation is generally performed so 


that the part is bonded to the backing plate 
at the same time. Finishing operations are 
then performed to adjust the facing to size 
and proper shape for use. 


Cores for Inductance Coils for 
Telephone and Radio™ *’ 

Although the manufacture of cores for 
induction coils for telephone and radio use 
does not fit into the field of powder metal- 
lurgy as more strictly defined in the Intro- 
duction, the procedure is in many ways so 
similar to the processes described above, 
and the product of such interest, that a 
brief description is included in this review. 

The coils in communication circuits may 
operate over a wide range of frequencies 
from voice frequencies up to millions of 
cycles per second. By the use of a finely 
divided magnetic powder, the particles of 
which are insulated from wpne another, the 
eddy current losses in the cores can be re- 
duced to a level low enough for satisfactory 
use. 

The first metal powder used for cores in 
the telephone industry was electrolytic iron. 
This was later superseded by more suitable 
magnetic materials such as the permalloys. 

The procedure utilized to obtain the 
permalloy powder is worthy of note. Ingots 
of the desired composition are prepared by 
melting and casting in the normal manner 
with, however, the addition to the melt of 
a small amount of sulphur which acts as an 
embrittling agent to facilitate pulverization. 
The sulphur exists as microscopic films of 
complex sulphides at the crystallite bound- 
aries. At normal temperatures, these films 
are brittle, but at elevated temperatures, are 
either malleable or dissolve in the iron- 
nickel solid solution. 


The alloy can therefore be hot rolled to 
small section under controlled conditions tg 
develop a desired grain size, and then cold 
worked to separate the individual crystals. 
Grain size depends upon the degree of fe. 
finement in the hot rolling operation, and 
upon the distribution of the sulphide film 
around the grain boundaries. Final pulverj. 
zation is accomplished in an attrition mill, 
and the product is generally annealed to 
soften the particles. 

The powder is then treated to cover each 
of the particles with an insulating film that 
is generally of the ceramic type. The cores 
are then pressed at about 100 tons per 
square inch to develop proper density and 
strength. There is no sintering treatment 
performed on this type of material after 


pressing, but the cores are generally an. 


nealed to remove pressing strains and re. 
store magnetic quality. 

This powder metal process is thus differ. 
ent from those previously described and is 
also one of the specialty group of materials 
which cannot be prepared by any other 
methods, Except for the deliberate coat. 
ing of the metal particles with an insulating 
film, and the avoidance of a sintering oper- 
ation, however, the procedure is that nor- 
mally followed in preparing powder metal 
articles. 

In addition to the permalloys des: ribed, 
a number of other magnetic powders are 
used in pressed core form for various appli- 
cations. These include electrolytic irc i, car- 
bonyl iron, and several types of m«gnetic 
oxides. Carbonyl iron, in particular, has 
been used extensively for radio cores where 
the spherical shape and small size f the 
particles have been factors in their s :ccess- 
ful utilization. 


Some typical porous parts for which the powder metallurgy method of manufacture produces their essential voids or con 
trolled porosity. (This photo and the following two pictures of parts were provided by Hardy Metallurgical Co.) 
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Throughout this article, numerous advan- 
tages of the powder metallurgy process have 
been indicated as well as some of the limi- 
tations. Outlined below in somewhat more 
detail are these considerations and others 
which enter into an evaluation of the proc- 
ess as a whole. In those instances where a 
product cannot be made in any way except 
by powder methods, evaluation is easy. But 
for those products which must compete with 
standard methods of fabrication, the prob- 
lem is more complex, and generalizations 
cannot always be applied. The competitive 
position of powder metallurgy as a fabric- 
ating method, with respect to many of the 
design and production factors in which 
the engineer is interested, has recently been 
set forth in some detail. 


Advantages 

ollowing are some of the advantages 
of t »owder metallurgy process: 

1. High purity of the metal content of 
the shed product can be maintained. 
Cor of the manufacture of the powders 
en producers to supply metals that gen- 
er n well above 99 per cent purity, 
an as high as 99.99 per cent for 
so! tals such as tungsten, tantalum, and 
zit m."* Opportunity for additional im- 
pu ickup is slight under the conditions 
pre g in the pressing and sintering op- 
era so that the original metal purity 
is t ed, and may even be improved by 
ox luction or removal of volatile im- 
pu 


2. Composition of the product can be 
accurately controlled and reproduced.*® “* 
There are no losses due to oxidation or 
slagging as in melting processes so that the 
metal content can be quite readily fixed. 

3. Structures, alloys, or materials not 
possible of fabrication by any other method 
can be produced by powder methods.** ** 
** °S These have been adequately described 
and include porous bearings, sintered car- 
bides, refractory metals such as tungsten and 
tantalum, and combinations of metals, and 
of metals and non-metals that do not alloy. 

4. High production rates,°* °':*’ espe- 
cially on small parts, can be attained by use 
of automatic presses of the pill tabletting 
type and of continuous type sintering fur- 
naces. One order of forty million small 
parts required by the Navy was produced 
at the rate of 520 pieces per minute by 
powder methods.”* 

Larger size articles cannot be produced 
at any such rate because of press limitations 
which may necessitate hand operation, but 
with pressed iron parts, high rate of pro- 
duction is one of the factors that allows the 
process to compete with other standard 
methods of manufacture. 

5. A wide range of certain physical prop- 
erties can be obtained for any particular 
material being fabricated.°* °° Control can 
be exercised over such properties as density, 
porosity, grain size, and strength by varia- 
tion of the type and size of powder par- 
ticles, die pressure, and sintering time and 
temperature. 
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Advantages and Limitations 


In some instances such as small Alnico 
magnets, structures developed may have 
better mechanical properties than the same 
material in cast form.**: **:** ** The same 
type of fine grain structure developed in 
laboratory samples of iron parts compacted 
at high pressures and sintered at relatively 
low temperatures also exhibit superior ten- 
sile properties.** 

6. The powder method of manufacture 
may be more economical in many instances 
due to factors such as rapid quantity pro- 
duction, lower labor costs, ease of setting 
up for manufacture, conservation of mate- 
rial, and elimination of machining opera- 
tions.** °* A reported instance of analysis 
of the normal cost of producing approxi- 
mately one hundred different units used in 
a piece of Ordnance equipment revealed 
that powder metal parts eftected a saving 
of about 70 per cent.** 

7. Rather close dimensional tolerances*' 

on small or medium size parts up to 
about 2 inches major dimension can be 
secured, averaging + 0.001 in. Closer tol- 
erances of + 0.0005 in. are attainable and 
may be even smaller on special production 
jobs. On larger parts, the tolerance may be 
in the order of + 0.002 in. Frequently, 
however, accuracy of dimensions is attained 
only through a coining or re-pressing opera 
tion of the sintered part. 

8. There is usually very little material 
waste associated with powder metal parts 
manufacture since there is little or no scrap 
lon. ** Powder losses generally run 


Some machine parts made by pou der metallurg) 
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below 0.5 per cent.*® In melting and casting 
operations on small parts, on the other 
hand, the sprues and risers may be several 
times the weight: of the finished casting. In 
addition, machining operations on cast parts 
may remove from 10 to 50 per cent of the 
metal, and while most of it is recoverable 
as scrap, it represents a loss in the manu- 
facturing process.” 

9. Highly skilled labor is not required 
for most operations in the powder meth- 
od.**: °* Except for the construction of the 
necessary dies and die parts, semi-skilled 
labor may be used. This is of value in in- 
dustrial plants producing parts for Ordnance 
because skilled mechanics who would nor- 
mally be required for machining operations 
can be made available for other work. 

10. Tooling costs are relatively low in 
comparison with other high production 
methods, and less time is usually required 
to set up for production.** Secondary oper- 
ations such as machining of the sintered 
products may be eliminated or greatly re- 
duced. 


Limitations and Design Factors 

As has been indicated in several sections 
of this review, there has been a recent shift 
in emphasis in the type of product made by 
powder methods, and in addition to those 
materials that are difficult or impossible to 
make by other methods, parts are now being 
manufactured in direct competition with 
those made by conventional, established pro- 
cedures. 

Under these circumstances, economy of 
production, in addition to technical feasi- 
bility, becomes a major factor in the utili- 
zation of the process. Of the numerous 
limitations of the process, some are inherent 
and definitely limit its application while 
others are incidental and susceptible to cer- 
tain measures of control. The more impor- 
tant of these limitations and problems are 
outlined below: 

1. The cost of metal powders is high in 
comparison with metal for other methods of 
producing similar parts, and availability of 


suitable powders is another problem.** ™ 
Both cost reduction and availability have 
received considerable attention in recent 
years, and with increased use of metal pow- 
ders and the large scale powder production 
entailed, substantial price reductions have 
been effected and a wider variety of types 
of powder have been made available. The 
development of domestic sources of supply 
of a satisfactory low cost iron powder to 
replace Swedish sponge iron is an example 
of a successful attempt to overcome a limi- 
tation of the process.** 


In a final analysis, metal powder costs 


must be balanced against overall costs be- 
fore a raw material cost standard can be 
set up. 

2. Die expense is high, espe- 
cially for large and complicated parts and 
for high pressures. New dies are required 
for each part of different shape and size, 
and each die must be installed and care- 
fully adjusted for operation. With the entry 
of powder metallurgy in the low cost part 
field, there will be need for more compli- 
cated dies to meet the competition of intri- 
cately shaped parts produced by casting 
methods. The tool cost, however, for the 
powder process is generally lower for a 
given part than with other processes. Die 
cost may range from about $150 for small 
simple parts up to $1800 or more for large 
parts or complicated shapes.** 

3. Sintering furnaces pose many prob- 
lems in the production of powder metal 
parts.'* Close temperature control and uni- 
formity are essential for control of dimen- 
sional changes in compacts. The fabrication 
of iron or alloy steel parts requiring higher 
temperatures than have been previously 
utilized in the industry add to the difficulties 
of furnace design. 

4. The size and form of powder metal 
products is limited.**: °* °* Large samples 
require huge presses to obtain the desired 
compacting pressures and both tool and 
press costs increase. Increase in size of com- 
pacts leads to a non-uniform distribution of 
pressure and may adversely affect the shape 


14, 44, 61, 63 


and dimensions of the article in the sinter. 
ing operation. Large presses are usually 
not of the automatic type, which means 
hand operation with lower production rates 
and increased cost. Low apparent density 
of most metal powders affects die design 
and limits the thickness of parts produced. 
A compression ratio of about 3 to | is gen. 
erally assumed which means mold d 

must be at least 3 times the thickness of the 
finished compact. Other factors of die de. 
sign are noted under item 7 of this section, 

5. The powder process is essentially one 
of mass production, and a reasonable num. 
ber of parts must, in general, be fabricated 
or the costs per unit will be excessive. 

6. On a production basis, powder metal 
structural parts generally have relatively 
low elongation, tensile strength and impact 
strength.**: **: °* The mechanical properties 
ot a sintered part depend to some extent on 
its density, which itself is a function of the 
type of powder used, the compacting pres. 
sure, and the sintering treatment. Because 
of the voids normally present in powder 
metal parts, the ultimate properties cannot 
be expected to be as good as those obtained 
on cast and wrought materials.** 

7. There are a number of design |imita- 
tions for powder metallurgy parts.'' **: ° ® 


a. Sharp corners should be avoided 
and internal angles should have 
fillets. 

b. Large and abrupt chances in 
thickness of parts should be 
avoided, as should uneve: cross 
sections. 

c. Re-entrant angles, grooves, and 
undercuts cannot be mold, and 
if required, must be mach: ed in 
an extra operation. Intern ! and 


external threads, and hi les at 
right angles to the cent hole 
or perpendicular to the s of 
pressing, likewise can: be 
pressed, and must be ma: ‘ined. 
d. Length of pressed parts t be 
comparable to the cross tion 
area because of pressing mita- 


Familiar electrical parts whose manufacture from metal powders is well established. 






su 


Si 
al 


SS —- wD —- eS FS 


i | 


n 
e 














rs 
- 
f 


tions. A long section may have 
a soft central portion of low 
density. 

e. There is almost no flow of metal 
powders during compacting be- 
cause of friction between parti- 
cles, and between particles and 
the die walls.°* * 


8. Although powder parts can be pro- 
duced to close dimensions by careful control 
of the compacting and sintering operations 
and by coining or re-pressing the sintered 
pieces, tolerances should, in general, be 
fairly liberal if costs are to be kept 
down.'*'*' Close dimensional tolerances 
may necessitate machining operations to 
meet specifications. Eccentricity of cylindri- 
cal parts may be controlled fairly closely, 
but concentricity may be troublesome be- 
cause there must be clearance between die 
parts and plungers, and the clearances may 
be cumulative.*” 

9 There is a lack of technical informa- 


tion available for engineers and designers. 
Test metal powders and finished parts 
hav been standardized, and until such 
ta zation has been achieved, the metal 
po onsumer and the ultimate user of 
the red parts have no check on the 
res products. This situation is now 
be edied. 

re are some thermal limitations 


use difhculties in the sintering 
certain instances.°* Some oxides 


cat uced only at temperatures above 
the 1g point of the metal itself, and 
pre ffective welding of the powder 
pi 

11. Metal powders in a fine state of 
su n are readily combustible and 
m treated as potential fire and explo- 
Si rds.*° ** Zirconium, magnesium, 
al , and titanium are the most in- 


vith iron, manganese, zinc, sili- 
1 antimony, moderately inflam- 
ma cautions must be taken to keep 
{ the air in the 
ms, not only 


mixing and 
because of the 


ex azard, but also because of pos 
Si effect on workers. 

terioration of metal powders may 
' torage due to oxidation or absorp- 
tion oisture with subsequent chemical 
rea » change the composition.*” 


Conclusion 


7 orrelated review of some of the 
mot nmon aspects of powder metallurgy 
is p ted to provide information on an 
increasingly important production method. 


The ew makes no pretense of complete 


cove of the subject, and many impor- 
tant s such as hot pressing, press and 
turn< design and operation, sintering at- 


mospheres, and die design and operation 


have not been described. These and other 
more specialized topics that are beyond 
the scope of this paper may be found in the 
appet ist of references. 
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An Appendix by the Editors 


These four tables—the first of their kind ever published for this field—-are intended to serve as a general guide to product types and sources 
of supply for powders, powder metallurgy parts and processing equipment. Specific data about individual products should be obtained from 
their manufacturers. Company “nicknames” used in the data columns in Tables | and III are identified in the list of manufacturers in each case 
































METAL POWDERS AND THEIR SUPPLIERS 













































































Material How Purity or Available *Typical Suppliers of 
Produced Composition | Meshes Applications Specific Powders 
ar ¢ ~~ al )lCeeee o-325. | «5, 17, 24,29 | Hardy, MD, Reynolds 
Al Atomized 99.0 Ne 10 ¢t 3 5, 17, 24, : : 
uminum Flake-Milled ~325 7, 22, 24 Alcoa, MD 
Aluminum Atomized 96-98% —100 17, 29 Hardy, Reynolds 
Alloy Hot Milled Dural -60 to —300 26 Unexcelled 
Antimony Milled 99% —100 to —325 5, 20, 29 Hardy, MD 
Beryllium Reduced 97+ % —200 20 Hardy 
Ain Beryllium the Milled th og 2.5% Be-Cu -60 to —300 9, 17 Unexcelled 
Alloys Hydride 10% Be-Ni —100 17, 20 Hydrides 
a “a a SES eee “ty ee: a. aaa ae 
Bismuth Milled | 99.9% —200 20, 29 Hardy, MD 
So io Atomized “aN 60/40 to 90/10 -100 to —325 i oo ee Bee OT Hardy, MD, 
Brass N-J Zin 
Atomized 60/40 —30 12 N J Zine 
Atomized 70/30 100 (Spher) ll N J Zin 
Flake-Milled Cu-Zn-Al various, to —325 i, Za Am Bronze 
Bronze Reduced - various . a MD 
Hot Milled | 77 Cu, 8 Sn, 15 Pb 60 to 300 ee Se, Unexcelied 
Cadmium Milled 99.5% 100, —300 l, 20, 29 Hardy | 
Atomized 325 1, 20, 29 MD 
{ Milled 98 150 to 325 ] ae, Bhe a Hardy MD 
( Da Reduced 97 .5-999 10( oUt I 19 é Hardy 
Reduced 99.99, 325 l{ l 19, 2 R & R 
‘ mbium Reduced 95.0-+% —50 10, 16 Fanstee 
4 Electrolytic | 99.5+% 100 to -325 | 1, 3, 4, 5, 8 11 A M Co. Gen Met. 
Ba. 2B, 2 Hardy, MR 
Copper Reduced 99.5+% 40 to —325 . a os oh Be MD, PM & A 
Atomized -- 30 to —200 1] N J Zine 
Flake-Milled — ~325 4, 7, 22 Am Bronze | 
- _ - i — — —EEEE - ef a — ‘ — = —_-—_ $$$ —_--—-- - _ _ _ — —_ —— — a | 
{ opper Nickel Hot-Milled | 70 Cu, 30 Ni -60 to —300 9 Unexcelled | 
g "aie se 97-98% C ~200, —325 4 Dixon tsi 
Graphit: S+% C —325 1 | Dixon 
90-92% C —200 12 Dixon 
95, 97% C 5 micron -— Dixon | 
EE ll on AD 200 & finer so National Carbon 
Red j 99 +-° many, t $25 ] 9. 13, 17, 18, 3 MD, PM & A, Hardy 
ros Reduced 97.98.2% 8 to —325 l. 5, 9, 17, 23 MR, Plast Met 
hits 99.5% 8 to —325 1, 17, 18, 19, 23 Plast Met, E & 1 
Carbony 98-99 99, 180, —400 ae 23 ? GA W 
¢ Ator 99 .5-99.99 100 325 ] 3 14. 2 AM Cx H 
MD, MR 
Magnes Milled 96-99 .9%, 15 yan) 24 Apex. Ma 1. NS, 
Nat Mag, NE Mag 
Manganese Milled 99.9% 100 t 325 17, 20, 29 Hardy, MD 
Electrol vtic 99.75% 20 to 325 17, 20, 29 Plast Met 
Reduced 99.90% 150, —200, —300 8, 10, 16, 28 Callite, Hardy 
Molybdenum H-Reduced 99.7+% —80 8, 10, 16, 28 Fansteel, NAP 
Reduced 99 +- % —80 8, 10, 16, 28 Hardy 
Milled Ni+Co 99% 150 to —325 9, 10, 13, 19, 2] Hardy, MD 
Nickel Flake-Milled 325 7, 22 | Am Bronze 
Reduced 99.5% various various PMé&A 
Nickel-Copper Hot Milled 70 Ni, 30 Cu 60 to 300 9 Unexcelled 
‘*Nickel Silver’ Hot Milled Cu-Ni-Zn -60 to —300 9 Unexcelled 
Silicon Milled 96, 97+-% 100 to —325 im 2%, seme we | MD, Plast Met, Hardy 
Electrolytic | 99.90% ~200 to —325 4. ; oa Co, H & H 
Silver | Hardy, MD 
Flake-Milled 325 7 Am Bronze 
Solder Atomized 50/50: 40/60 10 325 l, 29 MD 
Stainless Corrosion 18/8 60 to 300 lh & I ne xcelled 
Steel Milled & Reduced 35/15 60 to —300 », ll, 26 Unexcelled 
Steel Reduced 97.99%, Fe various 1, 17 PM&A 
Tantalum Electrolytic | 99.8+-% 80% 400 9 10. 16 Fanstee] 
Tantalum Carbide Ta ¢ 200 28 Fansteel 
Thoriur Reduced 95 c 100 20 Hardy 
Tir A tomize¢ 99.5 10) é ] 12 MD MR Hardy 
Flake- Milled 325 de oe Am Bronze 
Titanium Reduced 99.5% —250 13, 20 Hardy 
Hydride 98-99 59, —100 13, 20 h Hydrides 
Ti Hydride Hydride 98-99 .5% 325 20 Hydrides 
Reduced 99.9 +- % 150, 200, 300 8, 10, 16, 2 Callite, Hardy, R & R, 
Tungsten | Fansteel, NAP 
Reduced 99.0 —80 to -300 6, 8, 16, 25, 28 Callite, Hardy 
“uae, oo j La : BSALS Ty ae 
Carbide - = | WC sees ee: 28 Carboloy, Fansteel 
Vanadium Milled | 90% 80 & finer 20, 28, 29 Hardy 
Zine Atomized 99 -+% —24 to -—325 $,.37, 21, 29 M D, Hardy, N J Zinc 
Zirconium Reduced | 99.5% —250 10, 16, 20 Hardy 
Zr Hydride Hydride 99-99.9% —200 10, 16, 20 Hydrides 
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General List of 
Powder Suppliers 








(Alcoa) Aluminum Co, of 
America, Pittsburgh 
Aluminum Bronze Powder 


Co., 


Bedford, OQ. 


(Am Bronze) American Bronze 
Div., Metals Disintegrating 
Co., Verona, N. J. 


(A M Co) American Meta] 
Co., Ltd., New York 

(Apex) Apex Smelting Co, 
Chicago 


New York 
Belmont Smelting & | efining 


Co., Brooklyn, N. \ 


(Callite) 


Baer Bros., 


Callite Tungsten 


Corp., Union City, N. J, 

(Carboloy) Carboloy Corp., 
Detroit 

(Dixon) Jos. Dixon ible 
Lo. Jersey City J 

(E & T) Ekstra: Tho- 
land, Inc., New Y 

(Fansteel) Fansteel Mctallur. 
gical Corp., No. cago, 
Ill. 

(Gen Met) General Metals 
Powder Co., Akr 0. 
(G A W) General iline 
Works Div., New rk 
Goldfield Consolidated Mines 

Co., San Francisc 

(H & H) Handy & man, 
New York 

(Hardy) Chas. Ha Inc., 
New York 

Harshaw Chen Co.., 
Cleveland 

O, Hommel { ~ 3 rg 

(Magna) Magna hh { 
Ir > New Y rx 

McAleer Mfg. { es 
ter, Micl 

(Hydrides) Metal ! les, 
Inc., Beverly, Mas 

(M D) Metals Disintercrating 
Co., Elizabeth, N. 

Metals, Incorporate San 
Francisco 

(M R) Metals Refini Co., 
Div. of Glidden ( [am- 
mond, Ind. 

National Carbon Co., Cleve- 
land 

(Nat Mag) National agne- 
sium Corp., New York 

(NS) National Smelting Co., 
New York 

(N E Mag) New England 
Magnesium Co., In Mal- 
den, Mass. 

(N J Zinc) New Jersey Zinc 
Co. of Penna., Palmerton, 
Pa. 

(NAP) North American Phil- 
lips Co., Inc., New York 

(Plast Met) Plasti etals, 
Ine Johnstown, Pa 

(P M & A) Powder Metale 
& Alloys, Inc., New York 

Pyron Corp., Niagara Falls, 
a 


(R & R) Reduction & Refin- 


ing Co., Newark, N. J. 
(Reynolds) Reynolds Metals 
Co., Louisville, Ky. 


(Unexcelled) Unexcelled Mfg. 
Co., New York, N. Y. 
U. S. Metal Powders Co. 

Closter, N. J. 
U. S. Magnesium Co., Pleas 








ant Valley, N. Y. 





* The numerals 


in this 


column refer to the products or 


applications listed numerically in the Table on page 1341. 
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Applications or 
Products _ 


a 
1. Bearings 


Bimetallic Thermo- 
elements 


3. Brazing 
dering 


and Sol- 


4. Brushes (Motor) 


5. Ci emical Applica- 


tions 


6. Counterweights 


pa- 


7. Coatings (on 
— ceramics, 
astics, etc.) 
~8. Contacts and Elec- 
> 
“9 sion-Resist- 
ts or Clad 
| 
17 i Screens 
12 Discs, Fac- 
13 o-Metal 
1 \\ els 
Ord 
ris 
18. Cores 
19 s (Perma- 
20. silurgical Al. 
g and Refin 
21. Sprayin 
22. |} Pigments 
23. I Piex es 
24, | e cs 
5 
ev. | Tontainers 
26. Seals Retainers, 
Spacers, etc. 


ments 


27. 7 hermocouple Ele- 


Materials 
Available 


Reasons for Using the Powder 
Method or Parts 





iron-copper, bronze, 
bronze-graphite, brass, brass- 
graphite, silver, copper-lead, 
copper-nickel-babbitt 


——— a 
Nickel, nickel-iron alloy, brass, 
platinum, tungsten, etc. in 
special alloys and combinations 


| Copper, phos-copper, brass, 


| silver alloys, solders 
Copper-graphite, copper-alloy 


graphite, silver-graphite 


Zinc, iron, aluminum, magne- 
sium, platinum, molybdenum, 
etc. 


T ungsten, “Heavy Metal’ (Cu- 
Ni-W), ete. 





Aluminum, tin, copper, silver, 
gold, platinum, selenium, tel- 
| lurium, etc. 


| Tungsten, copper, molybdenum, 


silver, nickel, graphite and 
precious metal base materials 
or combination, e.g. Cu-W,- 
Ac-W, Ag-Ni, Ag-Me Ag 
Graphite, Ag-PbO, Ag-Ni Graph 
te, Ag-Ni-W, WC-Ag, W< 
Cu Ag-CdQ. et« 

Monel, chromium, tantalum, 
stainless steel, silver, iron- 
copper tungsten, beryllium 
copper 

lungster tantalun molybde 
num, columbium (often with 
dispersed ingredients like 
thoria, sodium, etc.) 

Iron, brass, bronze, silver, 
nickel-copper and special al- 


lovs 


bronze-graphite, Cu-Sn-Pb- 
base, copper-iron, etc.—all con- 
friction in 


taining a siliceous 


| 
‘ leat — 
| Copper-base, brass-graphite, 
| 
| 
| gredient 


Iron-nickel-cobalt alloys, tung- 


sten, molybdenum 

Lead, graphite and mixtures 
Diamond-in-tu sten urbid 
liamond-in-bronze et 

Tungsten, tantalun molybde 

columbiun and their 

alloys 

Iron, steel brass bronze, 
aluminum, opper, iron-cop 
| per, copper-graphite, bronze- 
| graphite, brass-graphite, iron- 


graphite, etc. 


| Iron or iron-nickel, plus binder 
and insulator 
| Aluminum-nickel 


cobalt iron 

alloys (*‘Alnico’’), other iron 
base alloys 

Aluminum, antimony,  beryl- 

| lium, bismuth, cadmium, cop- 


| per, chromium, maganese, sili- 
con, thorium, titanium, various 
hydrides, etc. 


Aluminum, copper, brass, tin, 


zinc, nickel, lead, cadmium, 
iron, stainless steel, special 
| alloys, 


etc. 


| Aluminum, copper, zinc, brass, 


bronze, tin, lead, nickel, sil- 
ver. gold 

Iron and iron alloys 

Chiefly magnesium aluminum 
and their alloys 

Tungsten and Heavy Metal 
(W-Ni-Cu) 

Copper - base, copper - graphite, 
bronze-graphite, iron, etc. 


tungsten and other W Mo 


combinations 


or 





28. Tools. ‘Dies and 
Wear- Resistant 
Parts 





and titanium—alone, mixed or 


combined 





‘Nickel-molybdenum, nickel- 


Carbides of tungsten, tantalum 





Controlled porosity and integral self-lubricating 
feature producible only by this method. Porous 
bearings are economical, noiseless and long- 
lived 


Provides firm, integral alloy bonding of bi- 
metal layers 


Powders and pastes often more easily applied 


to work than 





wire or sheet 


Duplex structure, combining high conductivity 
and low friction, produciblé in no other way 


Zine, iron, aluminum are effective reducing 
agents in powder form. Magnesium used in 
Grignard reaction, others as catalysts 

Heavy balance weights of tungsten or its 


alloys must be fabricated from powder because 
of excessively high melting point 








‘ rw 

| Powders may be dispersed in liquid vehicle, 
| uniformly applied to the surface, and fused 
into it 


Duplex structures, providing high conductivity 
and wear resistance of separate ingredients, pro- 
ducible powder method. Also constitu 
ents are frequently not compatible when molten 


only by 


Useful for production of sintered-on protective 
coatings or parts that would be difficult or 
uneconomical to make otherwise 

Refractory metals cannot be melted e 

| cally. Powder method guarantees high pur 

| on permits inclusion of dispersed oxides 


porosity producible only by powder 
Special alloy , ssibl Metal 
opecial alloys are possibie. Meta 
stronger than ceramics 


Controlled 
metallurgy. 
filters are 


dispersed frictional and lubricating ingredients. 


Better service, smaller parte than non-metals 


Accurate control and reproducibility of com- 


position; less contamination 

Powders can easily be incorporat in greases 
Only way combination ,of durable, wear- and 
heat-resisting matrix and diamond abrasive can 
be made 

These metals have melting points too high to | 
economically tabricated by melting and castin 
More economical production of large quantities 
of intricate parts to close tolerances than other 
methods. Often cheaper than machining. Self 


| lubricating feature possible 


| Pure, uncontaminated metal permitted by this 





| method. Structure is magnetically ideal. Often 
| cheaper than machining 
Fine-grain, more uniform structure, better flux 


distribution than cast. Small magnets cheaper 


Manufacturers of 
Specific Products 


AEM, Amplex, BB, Crow- 
ley, FM, Johnson, Key- 
stone, Mallory, Midland, 
Moraine, Neveroil, Rhoades, 
Wellman * 


“Callite, NAP, Wilson 








Only this method provides alloy matrix with 


with 


Brazing metal pow- 
ders and pastes is done 
in hundreds of plants 


GE, Keystone, Morg, St.M, 


Speer, Stackpole 
Applied throughout the 
chemical and process in- 


dustries 


Mallory 


Coatings are applied wide- 





ly in the graphic and cera- 
mic arts 
AEM, Callite, Clet, Fan 
steel GE, Gibson, Gen 
Tung Keystone Mallory, 
Met NAP St.M, Sirian 
peer Stack! é Wilsor 
| AEM Callit Fansteel 
i 
| others 
{ CWwW Fanstee 
(yl Vi ‘AP >iria 
AEM, Amplex, Crowley, 
Keystone, Midland, Mo- 


Traine 


“Met, Key 
Wellman 


Amplex, Gen 
stone, 


| 
i 


Moraine, 


allite, GE, others 
mp nded DY various 

rea i : . 

Cart Nort 

Ua CWwW ( Fa 
stee GI Cen ru oe, Me 
NAP, Sirian 

AEM, Amplex, BB. Crow 
| ley, Keystone, Midland, 
| Moraine, Morg, Stackpole, 
| others 
| 


AEM, Ferro, Mallory, Pyro, 


Stac kpole 
|1GE, Gen Mag, Indiana, 
tac ky ole r&s 








| 
| 


by powder method because of unmachinability 

of material 

Powders react quickly in molten metal baths, | Melting plants, foundries, 

' and are best way of making uncontaminated | master alloy manufacturers, 
| 

master alloys of many types | etc. 

lcrp 

| Metal powders as spray-metal provide quick | Metal-spraying by the pow 

melting in gun and permit mixtures of metals | der method is widely ap 

| and with non-metals to give special coatings | plied in industry 

| | 

| Flake powders provide ‘“‘leafing’’ and brilliant | “‘Bronzing’’ pigments are 

| metallic surfaces when paint dries. Metal | formulated by many man 

| paints are attractive and corrosion resistant | ufacturers 

Improved electrical properties, greater design AEM, Amplex, Moraine 

flexibility, lower cost than laminated structures 

Highly oxidizable metal powders are most el Army, Navy al 

fective igt gents incendiary bomb iz manufacturers flas pow 

gredients and light producers for flares der an fireworks co! 
panies in peacetime 

High-density material use (tungsten-base ) 

an be fabricated only by powder method be 

cause of high melting point 

Permits mass production of intricate, hard-to- | Amplex, Keystone, Morg, 

machine shapes to close tolerances. Can also be | Wellman 

self-lubricating, non-scoring and noiseless 

Difficult to make otherwise because of high | GE 

melting points. Couples are good for high 

temps. 

Materials not suited to melting because of | AEM, Callite, Carboloy, 

high melting points. Powder method also per- | Firth, Gen Air, KM, MC, 

mits close control of purity and structure | NECT, TAM, Tung _ El, 
VR, Wesson, WCT 








Il. POWDER METALLURGY APPLICATIONS, AND MANUFACTURERS OF PARTS AND PRODUCTS 





General List of Powder 
Metallurgy Fabricators* 








( AEM) American Electro Metal 


Corp., Yonkers, N. Y. 
(Amplex) Amplex Div., Chrys- 
ler Corp., Detroit 
(BB) Bound Brook Oil-Less 
Bearing Co., Bound Brook, 
te» 
(Callite) Callite Tungsten Co., 
Union City, N. J. 


(Carboloy) Carboloy Co., Inc., 
Detroit 

(Clet) Cleveland 
Inc., Cleveland 


(CWW) Cleveland Wire Works, 
Cleveland 


lungsten, 


(Crowley) Henry L. 
Inc., West Orange, 
(Fansteel) 
cal 
(FM) 
Detroit 

(Ferro) of 


America, Hastings-on-Hudson, 


N. Y. 


Crowley, 


N. J. 


Fansteel Metallurgi 
Corp., No. Ill. 


Federal-Mogul Corp., 


Chicago, 


Ferrocart Corp. 


(Firth) Firth-Sterling Steel 
Ce McKeesport, Pa 

(Ger Air) Cenera A raft 
ka pment CLo., Ss Nor 
walk Cont 

(GE) General Electr Ce 
Schenectady, N. Y 

(Ger Mag) Geners M et 

( rt Detr t 

( Me ( le « 
| . A ( 

Ler I ng) Ge ral | sten 
Mig. Co., Union Cit N. J 

(Gibson) Gibson Electr ( 
Pittsburgh 

(Indiana) Indiana Steel Prods 


Co., Chicago 

(Johnson) Johnson Bronze Co 
New Castle, Pa. 

(KM) Kennametal, In La 
trobe, Pa 

(Keystone) K evstone Carbon 
Co., Ine St Marys, Pa 

(Mallory) P R Mallory, & 
| Inc Ir ina 8 
i Meta ( ( : 

“ {) 

M Metr ( 
Newark N J 

, M y 
! n ( | A \ 
I 8 lL) ( 

Morair Mora Pr 
GMC, Dayt ) 

(Morg) Morganite Brush ¢ 
Ine Long Island City, N. Y 
(NECT) New England Carbide 

Tool Co., Cambridge, Mass. 

(Neveroil) Neveroil Bearing 
Co., Wakefield, Mass. 

(NAP) North American Phil 
lips, Dobbs Ferry, N. Y. 

(Norton) Norton C« Worces 
ter Mass. 

(Pomet) Powder Metallurgy 
Corp., Long Island City, 
me we 

(Pyro) P yroferri« Co., New 
York 

(Rhoades) R W. Rhoades 
Metaline C« Inc Brooklyn, 
N. Y 

(St. M) St. Marys Carbon ( 

St. Marys, Pa 

(Sirian) Sirian Wire & Con 
tact Co., Newark N J 

(T&S) Thomas & Skinner 
Steel Prods. Co Indianap 
olis, Ind 
Speer) Speer Carl 
Ss Mar Pa 

ackpole Stackpo { 
{ St. Marys, Pa 

(TAM) Tungsten Alloy Mfg 
Co., Newark, N. J. 

(Tung El) Tungstein Electric 
Corp., Union City, N. J 

(VR) Vascoloy-Ramet Corp., 
No. Chicago, III. 


(Wellman) S. 
Cleveland 


K. Wellman Co., 


(Wesson) Wesson Co., Fern- 
dale, Mich. 

(WCT) Willeys Carbide Tool, 
Co., Detroit, Mich. 


(Wilson) H. A. Wilson Co., 
Newark, N. J. 








fer their 


* In additio 
own use and n 


ot for sale. 


nm to the companies listed there are several (Westinghouse, Western Union, Western Electric, for example) who make pewder metallurgy parts but exclusively 
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perating 





Principle Single-Acting 


Double-Acting 


Other Types 


lI]. POWDER METALLURGY PRESSES AND PRESS MANUFACTURERS 
Oo Pressures, Speeds and Other Features Type of Work for 


which Well-Suited 


Press Manufacturers 








Production 
from 500 


pressures run 
5000 


with speeds avail- 


tons to tons | (a Kux 


or more, ample) up to 


Hydraulic 
| including 
‘oil - hydrau- 
lic and oil- 
electric) 


able according to pressure 


and part-size. A Hydropress | speed of a Kux 


machine for example rated 


at 500 tons operates at 10 











Pressures from below 75 tons 
toggle type, 
5000 


(Bliss) are available. 


press is 20/min.; of a 600- 


ton Hydropress press, 2/min. 





Duplex and duplex double- 


acting 


tons pressure 


has 


reach 5000 
(Bliss). HPM 


double-action 


presses 


several 


machines with horizontal and 


vertical rams whose pressures 


are 60/45 


1500 / 1000 


up to 





Single Acting: Good for 
simpler shapes in _ various 
sizes; suitable for coining 


and sizing. 


Double Acting: General pur- 


pose presses, and for higher- 








Baldwin-Southwark Div., 
Philadelphia « 

Birdsboro Steel Fdry, § 
Machine Co., Birds. 
boro, Pa. 

(Bliss) E. W. Bliss Co, 

Brooklyn, N. z. 


Fred S. Carver Co., New 














yressure, more complicated , 
cycles/min. A 35-ton lab | Ram speeds of an HPM 750- | tons and speeds 6/6 to 114/4 : b C aya = he York 
‘ é 2 obs. Can be used for car- ital hi . 
press works at 30 in. per | ton press are 350 in./min. Hydropress’s quad- se a Clearing Machine Corp,, 
; ; ’ bides, sizing, dense parts, Chicago 
min. closing and 20 ruple-action press is rated tone " 
DRS: etc. Arthur Colton Co., De. 
pressing. at 350/250 tons and 8 troit 
ae , Others: Duplex widely used , 
cycles / min. . : 
‘ hick el Riet , Continental Machines, 
or thic shapes. ight sie Inc., Min neapolis, 
actions popular for carbides Minn. 
| | and other work. Denison Engineering Co., 
Columbus, O 
| . . 
| } Chas. F. Imes Engg, 
W orks, Chica 
| A. B. Farq rc oe 
| | | Ltd., York, P 
' Hydraulic Ma Inc., 
| | | Dearborn, Mi 
| | (HPM) Hydra Press 
| | Mfg. ( 0., M vilead, 
| oO 
a? = (Hydropress) H press, 
Pressure ratings from 10 to | Pressures from 15 Typical duplex presses are Single Acting: Good for gen Inc., New 1 
| | P , 
| 100 tons for one type of | 140 tons, and stroke speeds | rated at 100-600 tons and 4 | eral pressing of porous parts | iy ee Kux Ma e Co., 
| ; | hicag< 
Mechanical | inclinable press to 25 to} of 6 to 1000/min. |} to 30 strokes per min. | (not too complex in shape), ' remy ' 
; | Lake Erie En; C 
(Toggle, Ro | 1500 tons for a straight side |} a Kux 25-ton rotary | | preforming, sizing, etc. Buffalo N ne orp., 
tary, Straight | and knuckle-joint press (both | are available. Stokes, | j N — Schl : ; , 
Jouble Acting: Most diversi- | >c®ioemann E Corp., 
Side, Knuc- made by Bliss) Speeds are | end others have wide | oun Ae di seit Pittsburgh 
kle Joint, 6 t 150 A ‘E - | 1e¢ ype, use on genera | Stok - ° 
wa | 6 to > strokes / min. tion of presses of | ; tae : (Stokes) F. Stokes 
etc. | work, porous parts, intricate | : bes 
| satines . classified Pa Machine Phila- 
shapes, very-high-production | delphia 
| ( dep of dle | " 
lepth of di jobs, dense parts, repressing, Watson-Still: Co., 
ij up to & in | sizing, etc. Roselle, N. 
| R. D. Woo Phila- 
j lelphia 
| | | Zeh & Hal Co., 
New Ark, 
. 
3 
IXERS, BLENDERS AND GRINDING MILLS FOR METAL POWDERS 
IV. MANUFACTURERS OF M , 
Mixers and Blenders Grinding Mills, Disintegrators, etc. 
vt Dae - ae | 
Abbe Engineering Co., New York | Abbe Engineering Co., New York 
Baker Perkins, Inc., Saginaw, Mich. | American Pulverizer & Crusher Co., St. Louis, Mo. 
Franklin-McAllister Corp., Chicago | Franklin-McAllister Corp., Chicago 
Hardinge Co., York, Pa. | Hardinge Co., York, Pa. 
Lancaster Iron Works, Brick Machy. Div., Lancaster, Pa Jeffrey Mig. C , i U 
National Engineering Co., Chicago Patterson Foundry & Machine Co., E. Liverpool, O. 
Patterson Foundry & Machine Co., E. Liverpool, O. H. K. Porter Co., Pittsburgh 
H. K. Porter Co., Pittsburgh Pulverizing Machinery Co., Summit, N. J. 
Pulverizing Machinery Co., Summit, N. 5. Raymond Pulverizer Div., Combustion Engg. Corp., Chicago 
Read Machinery Co., Inc., York, Pa. : Stedman’s Foundry & Machine Works, Aurora, Ind. 
Sturtevant Mill Co., Boston Sturtevant Mil] Co., Boston 
— 
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NUMBER 63 METHODS AND PROCESSES «TTT 
November, 1944 Forging 
ane 
nae . . 
ams The Forging of Aluminum Alloys 
+ 
The strength possibilities of the wrought aluminum alloys is a prime consideration. Its mechanical properties are slightly 
are frequently utilized in structural forms, where their high lower than those of 25S. Alloy 14S is used where high strength ++ 
strength-to-weight ratio offers an advantage. This advantage is required, as it is the strongest, in the heat treated condition, 
rr is particularly important in mobile equipment, such as aircraft, of the standard forging alloys. ; ve tt 
tT railroad rolling stock, and trucks, where the dead weight may The best known of the strong alloys, duralumin or 17S, is JTF 
rT decreased with corresponding increase in pay load. used where high corrosion resistance is a requirement. The itt 
rT Wrought aluminum alloys may be worked without difficulty alloy 53S is even more corrosion resistant. Forgings in both +++ 
hammer forging, hot pressing or upset forging. All usually alloys require heat treatment to develop their maximum cor- rt 
TI ake use of dies to obtain high production to close tolerances. rosion resistance as well as strength properties. The latter is } 
[| )perations are similar to those commonly performed on steel. used for architectural hardware and in the chemical industries. ocean A 
: It is somewhat surprising that aluminum, with its lower If the fabricating process will include welding of the forged tI 
ength, lower melting point, and lighter weight, requires parts, the metals 2S or 3S may be selected. i 
re power for forging than does steel. This is because the Lf the forged piece is to be finish machined, the alloy selected 
‘tal must be worked at comparatively low temperatures, at might be 11S, which can be cut easily even in the heat treated 
hich its resistance to flow is still quite high. Some of the condition. Alloy 70S, which has excellent forging properties, 1] 
rgest forging equipment is used for aluminum alloys. The is also used for forgings requiring good mechanical properties. +4 
an working range is fixed by the plasticity of the metal for When the alloy must retain its strength characteristics at tO 
- lower limits and the “hot-shortness’”” of aluminum and its elevated temperatures, as in internal combustion engine pistons, i 
Li loys for the upper limits. Commercial aluminum melts at 18S or 32S may be used. The latter is particularly suitable in 
oni ut 1214 F., and becomes brittle at temperatures somewhat that it has the lowest coefficient of thermal expansion of the 
ver, so that aluminum ‘is best hot-worked between about standard wrought alloys. 
aus ) F. and 900 F. For the alloys the upper limit will be about 
1 @ F. Both tend to strain harden when worked below the Forging at Low Heat 
ae er limits. In certain light forming operations with the heat treatable : 
o alloys, it is possible to work them at a temperature of about sa 
T — 3ST 1BST 73ST 1451 1751 705 DSS ASIS 100 F. In this way their formability is ine reased without the on 
igi ee teat tin decrease in corrosion resistance that accompanies prolonged eT 
++ lax. forging | 800 820 820 , 840 840 | 840 | 860 | 880 heating at higher temperatures. Wherever possible, the time = 
as temp. F. | | of heating should be held under half an hour. | 
a T Aluminum forgings in general show excellent grain structure TT 
t loys for Forging and soundness. Pieces produced by hot pressing have a good TI 
+ The alloys which acquire their hardness through cold working surface finish. Dimensions can be held so closely by this method ti | 
i e not widely used for forging, since they are annealed at that only a few thousandths of an inch need be allowed for ae 
| rging temperatures. The heat treatable alloys can be used machining. ++-4 
without such complications, but require care so that they may For hammer forgings a set of dies is usually used. Draft of TH 
reserve their maximum corrosion resistance. The strain- 7° should be provided to permit ready removal of the piece, TT} 
irdened alloys are sometimes worked by heating to 300 to 400 although deep projections may require as much as 10° draft. rt 
, at which temperatures their resistance to forming decreases Rapidly operated hammers, in which the dies are separated at iam, 
mewhat while their hardness is only slightly lessened. This a velocity almost as great as that when delivering the blow, may pt 
‘emperature should not be mairitained for more than half an reduce this draft to as little as 2°. , ++, 
ne 2 : : Draft allowances for press forging are usually less than for tT 
Physical properties of the aluminum alloys were given in hammer forging. A draft angle of 0.25° is usually sufficient if ee. 
a preceding “Engineering File Facts” [No. 24, in METALS AND the shape of the forging does not provide natural draft. Upset as 
ALLOYS for October 1943, pp. 813, 815]. Of the alloys that forging dies commonly require about 1° of draft. ++ 
have been developed especially for forging, a few may be men- Tr 
tioned. Alloy 25S. is one of the easiest to fabricate, and finds Tolerances | 
i wide application where good strength and corrosion resistance Allowances for shrinkage are based upon the linear dimen- ++ 
et are required. Alloy A51S is even more easily formed, and is sions, and the tolerance is commonly +0.004 in. and —0.002 TT 
ann used chiefly for large or intricate parts where ease of forming in. per in. for small sizes. TT: 
+--+ 
i ++ 
rr, | Length oc Wide oO ide ok in ie. | 8 Ait Reems eo). 6 ie. rT 
7 Srinhene Gelaainn |__++0.004 +0.008 | —_+0.012, sal +0.016 | +-0.020 +0.024 _ ry 
| —0.002 | -—0.004 | -—0006 | —0008 | —0010 | —0.012 ae 
ann (Continued on page 1349) 1347 Cr 
a4 
| TH t - Sones BSSSSSeues ceeneeenees 1 
+ 7 | : ttt Lt 4+ 4-4 r — 4-4 4 rt Ti 
f To —-} in ie am 
4 i a ae : f 
4 + ci [ Titi 
Lijit if is 


















































SURFACE 


HARDENED 
STAINLESS STEEL 
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Now Improves G = 
WORTHINGTON PUMP, 


; Gin Cus saa | Se 


== 
~. 


When Worthington was confronted with the prob- capable of holding 1250 p.s.i. of hydraulic pressure. 


lem of producing a pump plunger which would be In addition—since there is no lubrication other than 
capable of standing up to the unique conditions of the pumped media—the plunger surfaces are con- 
abrasion and corrosion imposed on their famous stantly exposed to the corrosive action of water. 
Vertical Triplex Hydraulic Pump, surface hardened To overcome these hazards, stainless steel, fortified 
stainless steel proved to be the obvious answer. by the “INDUSTRIAL SURFACING HARDENING 

Each of the three plungers indicated in the illustra- PROCESS, is now rigidly specified. Thus, the normal 
tion must travel uncounted hundreds of miles in 4 immunity to corrosion of stainless steel is combined 
inch strokes—and each stroke is subjected to the with the obvious advantage of an extreme surface 
tremendous binding friction of a stuffing box packing resistance to abrasive wear. 


“The INDUSTRIAL SURFACE HARDENING PROCESS provides 
stainless steel with a “glass-hard” (91 to 97 Rockwell 15-N) 
surface without appreciable loss of the inherent corrosion re- 
sisting qualities of the stainless. 





INDUSTRIAL 


250 BENT STREET 


STEELS, INC. 


CAMBRIDGE, MASS. 










THE INDUSTRIAL PROCESS * FOR SURFACE HARDENING STAINLESS STEEL PARTS 
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NUMBER 63 (Continued) THE FORGING OF ALUMINUM ALLOYS 
Tolerances for mismatch in the dies is usually fixed upon a less material due to closer cutting of stock to finished form. 
weight basis, as follows: Bars may be cut to length on a hand saw or circular saw TitTT 
if the saw marks will not be objectionable. Laas. 
Wr. of to 2.5 2.5 to | 6.25 to | 8.5 to 15 to over ; , , 
Fecging lb. | 6.25 Ib.| 8.5 lb. | 15 lb. | 20 Ib. | 25 lb. Aluminum stock for forging should be heated uniformly. ++ 44 
Mismatch 0.015 | 0.018 | 0.021 | 0.024 | 0.028 | 0.032 This is especially important because of the narrow working 
tolerance a. 2: = in =: 2: range of the metal. Heating methods are usually such as to Jj 
preclude overheating, but working cold metal in the forging 
Calculation of these tolerances should be made in conjunc- dies will produce forgings having erratic physical properties 
tion with each other, not as a sum. The effect requiring the Die life will be reduced also. +444 
greatest allowance in a given direction should govern for that Rough-shaping and drawing-out of the metal may be done 4 
limension. If finish machining is required, metal allowance with the fuller or edger so that the metal will completely fill th + 
t be made in additiom to the tolerances for shrinkage and the blocking die in the rough shaping operation. A bender, ‘ | | 
smatch. blocker and finish impression die might follow. The dies used pit} 
Radii at fillets, flanges, corners and edges should be as large and their sequence, will, of course, depend upon the shape of the TTT 
- design will permit. Use of small fillets increases wear on piece being forged. jag 1 
lie, and makes more difficult the flow of metal into the Some forms require bends of such size or shape that they are ijt 
r recesses of the die cavity. not easily built into the die. In these cases a bending or twisting +++ 
for forgings having wide, thin webs should have a operation separate from the forging die will frequently be T 
hardness of 55 to 60. For ordinary work, the hardness | 


1 be about Shore 48 to 51. Large dies, especially those 
g deep impressions, may do best at a Shore hardness of 
48. Press dies are harder—Shore readings are usually 
60, with hardness to 65 for special jobs. 
s should be designed so that the finishing impression is 
ir the center of the die as possible. Equal proportioning 
e amount of work to be done in the various impressions 
elp to lengthen die life. Ample edge distance must be kept. 
eems to be the concensus of opinion among die designers 
: die impression should be so cut that the metal flow of 
ging occurs at right angles to the grain direction of the 


economical. The bending may be done while the metal is still 
hot, or, in some cases, after it has cooled. Proper allowance for 
such bending or twisting should be made in designing the piece, 
and radii of bends should be not less than twice the thickness 
of the work at the point where the bend is made. 

When holes are to be made in some part of the work, a 
depression should be forged out until only about ¥g to 4 in 
of metal remains. This may then be punched out hot. 

The use of light hammer blows will help to eliminate blister- 
ing of the stock. Blistering, when due to the forging operation, 
has been associated with the heat of friction generated by work 
ing the metal. Proper finish of die faces, use of the correct die 












































































































































































































































































































































— -—t—# 
- ck material. lubricant and, occasionally, the use of fullers, help to reduce 4t 
r the tendency to this defect in aluminum alloy stock. | | 
a ring the Stock Lia 
be rging stock may be rolled or bar stock. Extruded forms Lubricants ++-4-4 
, e used economically to produce a blank that will save one Only enough lubricant should be used to prevent the work rrr 
be ore steps in the forging operations, and forgings made from sticking to the die. Use of excessive amounts of lubricant TTT 3 
e such stock may show unusually high mechanical properties. makes necessary a greater amount of cleaning of the finished rrr 
« I ver, normal forging operations, permit recrystallization to piece. Lubricants in common use are mixtures of oils, salt water, T 
bs | , and properties in the heat treated part after this type of oil and graphite, molten beeswax, and combinations of waxes 
= fabrication may be lower than those in the extruded blank after and graphite. Beeswax is probably the best, but is high in cost. + $+ 
r treatment. Increasing amounts of forging permit increasing Graphite-wax mixtures are commonly substituted for it. sens 
be stallization, and yield and tensile values may decrease to Combinations of high viscosity oil, of mineral, animal, or tirr 
= t] obtained with as-rolled, heat treated stock. vegetable base, with low viscosity oil were recommended by the ire 
x Vhen the form requires, rough blocking may be used to SAE War Engineering Committee after a canvass of a number 
' shape a blank that will fill the blocking impression in the die. of users. The viscosity of the oil may vary with the particular 
Large forgings may be made from an ingot that has been worked forging being produced. The high viscosity oil is the actual 
r into preliminary form in a hydraulic press. Corner radii on the lubricant, and lard oil, plain mineral oil, peanut oil, castor oil, 
L flat dies of such a press should be about 4 in., to avoid cutting and others have been used. A thinning with low viscosity oil, ® 
- the ingot. The billet may be scalped, on a milling machine or which may be any solvent, such as distillate, permits the lubri- 
' lathe, to remove surface defects. cant to spread over the die surface. A mixture of 50% lard oil 
\ Stock should be carefully laid out so as to take full advantage and 509% distillate is typical. A small amount of graphite may 
be of the grain flow produced by the forging process, placing the be added if desired. 
1 best structure at points of highest stress in the final forging. Application of the lubricant may be accomplished by spray 
L For press forging, more careful preparation of the stock is or swab. ’ | 
. required than in hammer forging. A blank must be cut for Dies should be carefully preheated to about 250 to 400 F mt ae 
c each finished piece, whereas a number of hammer forgings can before starting operations, and especial care should be taken ++ . 
4 frequently be made from one length of bar. The former method with the first blows. The use of cold dies has been listed as one erre 
‘ produces a minimum amount of flash, and uses from 15 to 20% of the leading causes of die breakage. LT 
C 
bn 
« 
" Prepared by Kenneth Rose, Engineering Editor 4 
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Peacetime Production cr 

Will require much re. ++ 

replacement, and repair tT 

Bronze Castings or Bear- oe 

ed—we're ready. Wheth- + 

€r your blueprints call for giant cast. =e 
ings or Pygmy Parts—in the rough or 
Precision-machined —~We can make an 
them. Our €xperimentg| foundry and TT 
| Modern laboratories Stand by to a 
Work with you on the solution of your rr 
metallurgical o- mechanicg] Problems ue 
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MATERIALS AND DESIGN 
Copper Alloys 


Specifying Copper and Copper Alloys 


When ordering or specifying copper or copper alloys, there 
are a number of items to be considered and included as well 
as certain customs regarding terminology that are generally used; 
many of these are cataloged in this Engineering File Facts page. 


Standardized Ngmes 





ASTM Standardized 


. Average Composition 
i Material Name 


See Engineering 


File Facts 


’ 
, 

Reference 
| 

| 























j pper 99.2 -+% Cu ‘ ae No. 11, May 1943 
188 : Cu-Zn alloys with Sn | No. 12, May 1943 
| | less than Zn; Pb | 
(max.) 4% 
led brass | Same as above except No. 14, June 1943 
| Pb over %% 
on brass | Si over le and Zn No. 34, Jan. 1944 
| over 3% 
kel brass Zn over 10%, Pb | No. 42, Mar. 1944 
rman silver) (max.) %%;  suffi- 
cient Ni to give white , 
color 
ided nickel brass Same as above except No. 42, Mar. 1944 
ided German silver) Pb over %% 
bronze Cu-Sn alloys with Zn No. 16, July 1943 
less than Sn; Pb 
(max.) %% 
ied tin bronze Same as above, Pb No. 23, Sept. 1943 
over %% 











bronze Over 10% Ni, Zn less | No. 42, Mar. 1944 
ian silver) | than Ni, under 10% 
Sn, Pb (max.) %% 
ed nickel bronze | Same as above except No. 42, Mar. 1944 
ed German silver) | Pb over %% 
1inum bronze | 5-15% Al; up to 10% No. 30, Nov. 1943 
| Fe; with or without 
| Mn or Ni; Si (max.) 
| %% 
con bronze Over. %% Si; Zn No. 34, Jan. 1944 
i (max.) 3%: Cu 
(max.) 98% 








Over 2% Be, or Be-++ Forthcoming 


ryllium bronze 
metals other than Cu 


(including acceptable size tolerances) should be specified. 

The amount of cold work performed on both commercial 
copper and its alloys affects the physical properties of the prod- 
uct noticeably. For example, the tensile strength of hot rolled 
or annealed copper is 30,000 to 36,000 p.s.i., but after extensive 
ccld working, it is increased to almost 70,000 p.s.i. 

The amount of cold work performed is commonly indicated 
by B & S numbers hard. All brass sheet, strip and wire sizes 
are based on Brown and Sharpe gage units. If a piece of sheet 
brass is cold rolled from number 12 B & S gage to number 
13 B & S gage thickness, it said to be 1-number hard; if this 
sheet were reduced from number 12 to number 16 B & S gage, 
it would be 4-numbers hard. 


Commercial Tempers 

















Commercial S} 
leet and 
Temper Standard B& 5S : oO Wire L 
. Strip, “% 
Designation Abbrevia Numbers in dncethnnl: tin Reduction 
Cold Worked | tions Hard Thickne in Area 
licxness 
Brass 
Eighth hard 1% H \4, 6 1] 
lr na, FES. Ta TS : ; A ee 
Quarter hard r. 4 l 11 21 
Half hard oy 2 mar: 37 
Three-quarters | 4 H 3 | 29 50 
hard Be i - 
Hard 8 — 4 37 60 
Extra hard } - = 6 50 
Spring . " 8 61 
Extra spring - 10 69 90 




















the material is ordered by one of the standard material 
fication numbers (SAE, ASTM, Federal, etc.), then its 
ysis is expected to conform to these standards. On the other 

i, if the material is not of standard composition, then its 
complete analysis (including the permissible variations in 
percentage of each element present) should be given. 


Form 


_ The form and/or shape in which the copper alloys are 
desired must be clearly specified, as there is a wide variety of 
choices. Copper for remelting and as a raw material for making 
copper alloys is usually sold in the form of cathodes, ingots or 
warmer bars”. Copper that is to be used for wrought products 
is marketed as wire bars (for rolling into rod or drawing into 
wire), cakes, slabs (cakes and slabs are usually rolled into 
sheets), and billets (for making tubing or extruded and rolled 
shapes). Brass products may be sand, permanent mold or die 
cast; forged, extruded, rolled or cold drawn. Bronze products 
may be sand or centrifugally cast or hot or cold worked, depend- 
ing upon the analysis of the material. 

When purchasing finished or semi-finished forms of the 
wrought materials, the type and degree of finish and size 


A different range of physical properties is obtained for each 
number of hardness. As the percentage reduction increases, 
the hardness and tensile strength increase and, at the same time, 
the ductility decreases. 


Grain Size of Copper Alloys 


After hot working, or after cold working and annealing, the 
grain size of the material is used as an indication of its physical 
properties or of the degree of anneal to which the material 
has been subjected. 





ASTM Standard Temper Nominal 


oe “ ; Temper Name 
Grain Sizes in Mm, I 














0.015 

= — Light anneal 
0.025 
0.035 Drawing or rod anneal 
0.050 Intermediate anneal 
0.070 Soft anneal 
0.120 Dead soft anneal 











For electrical purposes, the conductivity of copper and of 
certain alloys (such as phosphor-copper and beryllium-copper ) 
is important and an acceptable minimum should be noted. 

Tensile strength, elastic limit, hardness, as measured on the 
Rockwell B (Rb) or Brinell (500 kg. load and 10-mm. ball) 
scales, elongation and bend tests are often included in specifica- 
tions. Permissible tolerances or variations in these qualities 
should always be indicated, unless the variations permitted by 
one of the standard specifications are called for. 


Prepared by Robert S. Burpo, Jr. 
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Looking forward to the use of tubing for an 
ever-wider variety of mechanical uses, the 
large well-equipped laboratories of Babcock 
& Wilcox maintain uninterrupted research. 
Technicians seek constantly to improve pres- 
ent alloys and to discover, if possible, better 
alloys to meet the expected demand. B&W 
Tubing is now available in carbon steels, 
carbon - molybdenum steels, special B&W 
Croloys, NE. and S.A.E. Alloys, stainless and 
corrosion-resistant steels. 

Babcock & Wilcox are in the unique posi- 
tion of being able to supply both Seamless 





‘Baw TUBES 


and Welded Tubing for mechanical uses. To 
the user, this fact has many advantaces, not 
the least of which is the impartial recommen- 
dation of experienced engineers who con- 
sider only the right tubing in its app'ication 
to the job at hand without prejudice toward 


any type. 


B&W Tubing can be machined or formed 
into practically any shape; and the present 
range of steels available offers great oppor- 
tunities to designers and engineers in plan- 
ning new mechanical uses. 


EAMLESS.  Siaptetn tange of carbon alloy and stainless # 
steels. Sizes: V2 in to 85% in, 0.0. ai 
ELECTRIC-Resistance Welded Carbon grades. 
. Sizes: %4 in. to 4 in, O.D. 






‘ * Seamless Tube Division 
: ? ee 


‘THE BABCOCK & WILCOX TUBE COMPANY 


Welded Tube Division 
Alliance, Ohio 
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Welding Electrodes for A.S.T.M. Fittings 


SPECIFICATION A-181-42 SPECIFICATION A-105-40 
(Forged Fittings tor General Service) (Forged Fittings for High Temperatures ) 


Chemical Analysis 


Analysis (a) When flanges will 

Chena J Grade I Grade Il be subject to fusion 

(a) The carbon con- Element % % welding, the carbon 

Grade | Grade Il tent shall be a matter e200 10 ye “~ 

of agreement. Flanges ceed 0.35%. When the 

% % gee > fusion a. Carbon (a) — = aoe ~ 

ing sha not e commen fa — 35% * rb 

Carbon, max. 0.35° (a) canine ccmnint a necessary to add sili- 

0.35%. When so re- Manganese, max. 0.90 . con to composition for 

’ < stricted it may be nec- — . ~ net cae - 

Vianganese, max. 0.90 0.90 essary to add silicon Phesshine eeads eavier thickness o 

—_ to the composition for osphorus, ax. . . Grade | ery in order 

Grade ll and for - = to meet the required 

*hosphorus, max. 0.05 0.05” heavier thickness of S 1 h | tensile properties Sili- 
= - <2" Grade I flanges in order uiphur, max. , con aan not 

, to meet required ten- exceed 0.30%. 

Iphur, max. 0.05 0.05" sile properties. Silicon 
not to exceed 0.350%. 











Element 


















































sile Requirements | we es | Grade | Electrode | 


| 1] | Recommended 


A.W.S. 


Properties 





Electrode - 

operties GradeI | Grade II | Recommended Ten. str., | 60,000 | 70,000 
AWS. | ee Se ee 

en. stf. | 60,000 | 70,000 |” E-6010 | : = set» | 30,000 | 

i., min. E-6020-6030 | Ctadel + | 


Elong. in 2 
eld pt | 30,000 | 36,000 | E-7010 oo 














36,000 | E-6010 & E-6011 





—| Grade I 
| 








22 | E-6020 & 6030— 
in., %, min. 


;.i., min. : EC " 
e _ Grade II Reduction - Tee ee 

ng. in 2 22 18 E-7020-7030 of area, | £7020 & 7030 | Grade II 

» Jo, min. ; %, min. | 
























































SPECIFICATION A-182-40 F.1, F.2, F.3, Etc. 
(Forged Fittings for Elevated Temperatures) 
Chemical Analysis, Upper Table; Tensile Requirements, Lower Table 





Ferritic Steels Austenitic Steels 
| 








| 
nbols F.3 F.4 BS’ "36 eee, fe eas. F.8 F.10 F.12 


Carbon Chrome Nickel 4-6% 13% Chrome | Chrome | 18 Chrome | 20 20 
molyb- molyb- chrome | Chrome | Chrome molyb- | man- 8 nickel | Nickel Nickel 
denum denum molyb- denum | ganese pri 3@ s 

denum moly. | 


A.W.S. |Chrome-moly.| Same | 4% 6% | Difficult to z Same | Same | Stainless steel | Same | Same 
E-7010 electrode if | as for | chrome | weld; as | as | electrode as as 
| | 








chrome | chrome 





or available, or | F.3 or | Use same F.3 F.3- Type 18-8 or F.8 F.8 
| mended | equiv- Type 25-20 | | Type | analysis or | equivalent ‘ | 
| | alent | 25-20 | Type 25-20 | 


| Ten. str.,| 70,000 70,000 90,000 | 90,000 | 85,000 | 100,000 | 100,000 | 75,000 | 80,000 | 100,000 
. pes. | 
| min. Bata’ ee Set me Ht . | P's 
| Yield str.,| 45,000 40,000 70,000 | 65,000 | 55,000 | 75,000 | 70,000 | 
p.S.1., 
_ min. a: | ms 
Elong, in 25 20 25 
2 in., %, | 














30.000 35,000 | 45,000 











os . } ae 





|- 
| 
| 


35 | 40 

















% , min. 














* Esther molybdenum or tungsten shall be used. 


” May be added. 
“Sum ot chromium and nickel contents shall not be less than 26%. 


Compiled by W. ]. Conley, Consulting Engineer, 
The Lincoln Electric Company Cleveland, Obio. 

























SPOT YOUR BUYING POINT! 


NEW ENGLAND 


BOSTON, MASS. 
H. Boker & Co., Inc. 


MIDDLE ATLANTIC 
_ BUFFALO, N. Y. 
Root, Neal & Co. 
ERIE, PA. 
Boyd Welding Co. 
NEW YORK CITY 
H. Boker & Co., Inc. 
PHILADELPHIA, PA. 
Arcos Corporation 
PITTSBURGH, PA. 
Williams & Co., Inc. 
ROCHESTER, N. Y. 
Welding Supply Co. 


SYRACUSE, N. Y. 
Welding Supply Co. 


SOUTH and SOUTHWEST 


BATON ROUGE, LA. 

Wm. D. Seymour Co. 
BORGER, TEXAS 

Hart Industrial Supply Ca, 
HOUSTON, TEXAS 

Champion Rivet Co. of Texas 
KINGSPORT, TENN, 

Slip-Not Belting Corp. 
PAMPA, TEXAS 

Hart Industrial Supply Co. 
OKLAHOMA CITY, OKLA. 

Hart Industrial Supply Co. 
TULSA, OKLA. 

Hart Industrial Supply Co. 


NEW ORLEANS, LA. 
Wm. D. Seymour Co. 


MIDDLE WEST 
CHICAGO, ILL. 
Machinery & Welder Corp. 
CINCINNATI, OHIO 
Williams & Co., Inc. 
CLEVELAND, OHIO 
Williams & Co., Inc. 
COLUMBUS, OHIO 
Williams & Co., Inc. 
DETROIT, MICH. 
C. E. Philips & Co., Inc. 
FORT WAYNE, IND. 
Wayne Welding Sup. Co., Inc. 
KANSAS CITY, MO. 
Welders Supply & Repair Co. 
MOLINE, ILL. 
Machinery & Welder Corp. 
MILWAUKEE, WIS. 
Machinery & Welder Corp. 
ST. LOUIS, MO. 
Machinery & Welder Corp. 


WICHITA, KANSAS 
Watkins, Inc. 


WEST COAST 


FRESNO, CALIF. 
Victor Equipment Co. 


LOS ANGELES, CALIF. 
Victor Equipment Co. 


PORTLAND, OREGON 
J. E. Haseltine & Co 


SAN DIEGO, CALIF. 
Victor Equipment Co. 


SAN FRANCISCO, CALIF. 
Victor Equipment Co. 


SEATTLE, WASH. 
J. E. Haseltine & Co. 
CANADA 
MONTREAL, CANADA 
G. D. Peters & Co. of Canada, Ltd. 
HAWAII 


HONOLULU, HAWAII 
Hawaiian Gas Products, Ltd. 
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*Chrome-Nickel Stainless Electrodes 
Straight Chrome Stainless Electrodes 
Chrome-Moly Steel Electrodes 
Manganese-Moly Steel Electrodes 
Non-Ferrous (Bronze, Nickel, etc.) Electrodes 


* Available for DC or AC Welding 


4 
Sites CORPORATION 


401 NORTH seBan ST., PHILADELPHIA &, PA. 


“QUALITY WELD METAL 
EASILY DEPOSITED” 
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Old Pulley as Babbitting Jig 


: by Russell R. Voorhees, 
Pueblo, Colo. 


novel and useful jig for use where 
sedesired to cast babbitt into a cylin- 
b al form, with hole in the center, is 
# ipted from an old pulley. Fred Orman, 
Pueblo, Colo 
ts metal for many varied purposes with 
s homemade contraption. 
Che pulley is used in a horizontal posi- 
n on the work table or floor. The 
iginal braces of the pulley are tapped 
it and leveling screws inserted so that 
1e pulley can be accurately and easily 
‘veled. A mandrel is inserted in the 
illey where the shaft normally goes, to 
e used as a core and hence make hollow 
ie finished casting. 


1an Construction Co., 


’ 





The mandrel is centered and held in 
place during the pouring operation by 
three long screws, inserted where three 
holes have been tapped through the face, 
or belt runway, of the pulley. 

Inside calipers are used to measure the 
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space between the mandrel and sides of 
the shafting hole. When all adjustments 
of the screws are completed, the babbitt 
is poured into the space between the 
mandrel and shaft hole walls. 

In the accompanying diagram, A indi- 
cates the long screws used to center the 
mandrel; B are the screws run through 
the braces to level the pulley; and C is the 
mandrel centered in the shaft hole. 


Friction-Cutting with Drill Saw 


j 


by Arthur Schwartz, 
Bell Aircraft Corp. 


We have hit upon a sawing method 
that we call “melting-burning.” The 
friction of the saw tooth not only melts 
the metal, but turns most of it into gas, 
producing a flame under the 
point. It may seem strange that a sharp 
saw is undesirable. Best results are ob 


sawing 


tained when the saw teeth are worn down 
to flats in line with each other so that 
each tooth will produce frictional heat 

Being tool research chief engineer at 
Bell's Elmwood plant, we were given the 
problem of finding a blade for a Tanne- 
witz wood saw to cut boiler plate. After 
much research we lighted upon ordinary 
soft-tempered carbon steel blades. We 
adapted this to friction sawing of other 
hard materials, which had proved diffi- 
cult or impossible to cut. We found these 


blades did an excellent job on armor 
plate, thick files, laminated plastics and 
the like which heretofore had withstood 
every attempt to cut them. 

When the proper cutting pressure has 
been reached, a cobalt blue-white flame 
appears, indicating that the oxygen cat 
+} 


ried in by the spaces between the teeth 


is burning away the metal. It is not*beis 
sawed, 

Some of the achievements reported 
concerns that have adopted the meth 
include cutting of carbide tool tips, ste! 
and similar tool tips, and heavy bricks of 
insulating glass. The Seattle Navy Yard 
has adapted extremely large saws to th: 
cutting of armor plate. The Pittsburgh 
Plate Glass Co. is employing the method 
to trim plate glass. 

The harder the material and the more 
resistance it offers, the more satisfactory 
are the results by this friction-sawing 
It is ineffective on soft rubber, wood and 
some of the softer plastics 

We have had requests for our method 
from India, New Zealand, Iceland, Eng 
land, South America, Russia and Mexico 
—in fact from all countries not Axis 
dominated 


In soldering copper coil leads vartonu 
teps consisted of Scraping, tinning, twtst 
ing and soldering. A new method elim 
inates scraping insulation and using solder. 
Instead, we twist the leads together and 
apply an oxygen flame torch which in- 
stantly fuses the twisted ends into a ball 
of copper, making a solid joint. 

—Walter Lindall, 
Submarine Signal Co. 
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Sander for Removing Burrs, etc. 


by H. Small, 
Westinghouse Electric & Mfg. Co. 


A versatile home-made device for re- 
moving burrs, smoothing rivets and weld- 
ed seams and for other general sanding 
operations that are normally performed 
by hand is a portable sander that is eco- 
nomical to operate and meets a multitude 
of unusual demands. 





[he 22 gage sheet metal enclosure, 9 
in. high, 18 in. long and 16 in. wide 
is built on a \% in. thick steel base, on 
which are mounted a 4% h.p. motor and 
a suitable bearing for carrying the sand- 
ing disc plate. The disc is carried on a 
revolving plate, 814 in. diam., 4% in. 
thick. Any desired grit may be used. 

A washer and nut secure the discs, 
thus eliminating the necessity of cement- 
ing them to the plate. This machine is 


equipped with 5 ft. of electric cable and 
is operated by a foot switch. The dis 
is belt driven so that a fouled disc or 
too much pressure on it are overcome 
by belt slippage. Being completely en 


it is protec ted from dust off the 


This machine is used at the E. 
held plant of Westinghouse. 


Spring- 


Welding Flux to Prevent Tarnish 


by M. E 


ULeECI 4 i ‘elding Alloys Co 


Laune, 


An easy method for keeping metals 
that are to be heat treated from tarnishing 
is by coating with welding flux. By one 
method the chemical compound that 
serves as a flux is slightly diluted with 
water and poured into a tank large 
enough to contain the part to be coated 
The mixture is agitated to keep the 
heavier elements from settling, and the 
entire part is then submerged in it 

Another effective way is to coat the 
part by immersing it in flux that has 
been melted in a crucible or furnace. 
An actual application was reported recently 
by the maintenance foreman of a large 


Midwest manufacturing company. His 






department makes small tool steel reamers 
for reaming seats on welding torch fittings. 
With the tool, hundreds of worn welding 
torch parts are salvaged. 

The reamer has a double taper that is 
turned as close as possible in a lathe, 
spotted and filed to a close fit in the 
female fitting and then the clearance later 
filed in by hand. During the subsequent 
hardening process, scale accumulated on 
the tool. 

To overcome this, the entire surface of 
the tool was coated with a paste made 
of Autocheniic Eutector Flux 16. The tool 
was then heated to the desired tempera- 
ture, and immediately quenched in water. 
This procedure keeps the surface of the 
tool as bright and clean as before heat- 
treatment by preventing any oxidation 


Rivet-Bucking Assembly 


by Morris Brown, 
Consolidated Vultee Aircraft Corp. 


Time studies have revealed that a new 
rivet-bucking assembly saves from 25 to 
50% of the time previously required, 
while workmanship is improved. The 
assembly, invented by the author, can 





be constructed in a variety of sizes and 
shapes and can be used on manual and 
automatic riveting jobs. 

It consists of a “floating” bucking bar, 
positioned against the shank end of a 
rivet, and two or more spring-actuated 
reacting hammers, operating against the 
back side of the bar in response to im- 
pulses from a conventional pneumatic 
riveting gun. Gun impulses are trans- 
mitted through the bar to the hammers 
while the bar remains positioned against 
the upset end of the rivet. 

Vibrations set up in the reacting ham- 
mers augment and oppose the impulses 
of the rivet gun and a specially-formed 
rubber stop, adjacent to each of the 
reacting hammers, helps hold the bar 
against the rivet by damping any ten- 
dency to vibrate. 

One version of the assembly can be 
set up in a jig or fixture to function 
automatically, eliminating the rivet buck- 
er. Another version has a handle and can 
be welded manually without tiring the 
workman. 

When used with a jig or fixture, the 
floating portion is an elongated steel 


bar extending behind the entire row of 
rivets, supported at each end to the 
sides of the fixture or intermediate mem- 
bers by a device that guides the bar and 
supports the reacting hammer and damp- 
ers. The device is pivoted to the frame- 
work of the jig so that the bar is flexibly 
held, thus locating the bar against string- 
ers or other reintorcements. 

The bar may be curved or offset to 
accommodate the configurations of any 
line of rivets, even rivets of different 
sizes. A gage on each supporting device 
controls the size of the upset rivet head, 
promoting uniformity and preventing 
over-riveting. The gun operator knows 
when to stop by the change in the sound 
of his blows. 

In the accompanying photograph the 
assembly has been set up as a jig to 
function automatically, with no human 
rivet bucker needed. Here the floating 
bars are curved to accommodate the 
configurations of the rows of rivets. 

The author was inspired to invent this 
assembly after witnessing the condit 
of a young friend who was unable to 
hold up his arm after a hard day’s work 
bucking rivets. 
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High Pressure Cylinders 
Wire-Wrapped 


by Camilla McComber, 
Newell-Emmet Co. 


One of the many hazards of air 
tare, one which is apparent to onl 
few persons, is the possibility that 
enemy bullet or flak will pierce an oxy 
or carbon dioxide cylinder in an Al 
airplane. Due to terrific internal pres 
these cylinders, containing gas for bre: 
ing or fire-fighting purposes, may thx 
upon explode into pieces of shrapi 
injuring the crew and the airplane. 

Accordingly Walter Kidde & Co. ni 
wraps each cylinder tightly with his 
tensile steel wire so that a bullet leav 





a clean hole, with no fragmentation. The 
cylinder is spun at high speed and the 
wire is fed on under high tension in the 
same way that thread is fed onto a spool. 
The ends of the wire are soldered in place. 
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Blast ameg Practign: Smeltin g, Direct Reduction and Electro- 
refining. Open-Hearth, Bessemer, Electric Furnace Melting 
Practice, Equipment and Refractories. Melting and Manufacture 
of Non-Ferrous Metals and Alloys. Soaking Pits and Other Steel- 
Mill and Non-Ferrous Mill Heating Furnaces. Steel and Non- 
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Foundry Practice 
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tories, Ovens, Molds, Sands, Binders, Auxiliary Equipment ana 
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Metal-Working and Treating 
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Materials and Engineering Design 
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Metal Industries, Applications of Individual Materials. Con- 
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Testing, Inspection and Control 


Specifications. Physical and Mechanical Property Testing and 
Inspection. Routine Control and Instrumentation. Radiography 
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Refractory Metals 


Condensed from “Mining and Metallurgy” 


The most important refractory metals carbide and then through diamond dies. 
today are tungsten, molybdenum and tan- The grain size of incandescent lamp fila- 
talum, with only the first two produced in ments must be closely controlled by addi- 
quantity. tions of thoria or silica. 

Tungsten ores are treated by pulveriza- Molybdenum is produced from molyb- 
tion; caustic alkali; repeated crystallization denum sulfide or from commercially pure 
of the alkali tungstate; precipitation with ammonium molybdate by methods similar 
hydrochloric acid to form tungstic acid; to those used in the production of tungsten. 
filtration, drying and pulverization of tung- Tantalum is made from purified tantalum 
stic acid; and reduction with hydrogen. salts. The manufacture of solid tantalum 
Briquettes are compressed and double sin- from tantalum powder is similar to that 
tered in hydrogen, first at 1100 C. to increase of tungsten except that the sintering and 
their strength, and then at a temperature all subsequent anneals must be carried out 
close to their melting point. in a high vacuum, and hot working is not 

The resulting bars are worked with fre- possible because of the absorption of large 
quent anneals by swaging or forging with amounts of gas. 
hot drawing or hot rolling. The ductility A relatively large amount of refractory 
produced by this hot working enables the metal powders is converted into carbides 
tungsten to be cold drawn through cemented for use in cemented carbides of which there 
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are two main types: (1) plain carbide wig 
a cobalt binder; and (2) multi-carbide gf! 
combinations of tungsten, titanium, tap. 
talum or molybdenum, with cobalt or nicke 
as a binder. Cobalt is the most common 
binder, as it reacts less with the carbides 
during sintering than either iron or nickel 
and, therefore, has less brittle constituen, 

The method of preparation of the tay 
materials is very important. The oxide js 
usually reduced in hydrogen, ball milled 
with lampblack and then carburized at , 
high temperature. Excessive amounts of 
free carbon must be avoided. 

The cobalt reduced from the oxide jg 
ball milled with the carbide powder of 
carefully controlled grain size. This powder 
is pressed, usually with an addition a 
such as wax or glycerine, and double sip. 
tered in hydrogen, first at about 1000 € 
and then at 1400 to 1500 C. The compag 7 
may be shaped and machined after the | 
first sinter. 

Composite heavy metals contain about 
90% W and are used for radium contaip. 
ers, vibration dampers, balancing parts, ete, 
If copper and nickel in certain proportions 
are used for the binder, the sintering te. 
sembles that of the hard carbides. 


C. G. Goetzel. Mining & Metallurgy, 
Vol. 25, Aug. 1944, pp. 373.875, 


Phosphorus in Basic Duplexing 


Condensed from “Stahl und Eisen” 


The difficulties in producing a low-phos 
phorus metal of sufficiently high tempera- 
ture in the converter are to a certain extent 
overcome by the great advantages in the 
open-hearth furnace. In order to ‘nd the? 
metallurgically and economically most fav 
orable phosphorus content of the converter 
charge and of the open-hearth charge for 
the production of a mild steel, the metal 
lurgical conditions in the differ pro- 
cesses were investigated. . 

The variously high phosphorus contents 
in the converter iron down te 0.03°% were 
obtained simply by further blowing of the ¥ 
steel with the necessary lime addition. The 
iron loss connected with producing such 
iron with 0.04% P is about 7%, and 
almost twice as much as with producing 
steel with 0.08 to 0.10% P. The low phos 
phorus contents below 0.05% could also 
be obtained by after-blowing with a lime 
rolling scale mixture. 

By artificially enriching the slag with 
iron oxides, the total iron loss could be 
reduced by 2%, as compared with the sim- 
ple afterblow. This still means a loss of 
about 2% Fe as compared with melts of 
0.08 to 0.10% P. 

The advantages realized in the opem 
hearth furnace with decreasing phosphorus 
content of the charge depend on the type 
of steel to be made, especially on its hard 
ness. For very low phosphorus charges 
#.e. low phosphorus content of the comy 
verter iron, the advantages realizable im} 
the open-hearth furnace are overshadowedy 
by the disadvantages in the converter plagt 

Considering the duplex process a&% 
whole, the most favorable phosphorus com) 
tent of the open-hearth charge for 
melts, with an admissable phosphorus com” 
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furnace this company 


changed from a regenerative type fur- 


nace to a recuper 
Fitch Recuperator and 


production 50 


itive type, using da 


increased 


Three other companies with furnaces of 
this type, using cold air for combustion 
installed 


of fuel, Fitch Recuperators 


and increased firing rate and production. 


In many prominent plants, 
large numbers of various de- 
and 


signs of Soaking Pits 


Continuous Re-Heating Furnaces are 
equipped with Fitch Recuperators. These 
plants switched to Fitch because they 
Fitch Recuperators 
heat 


without repairs and that when repairs 


found permitted 


greater transfer, lasted longer 


were eventually necessary, they were 


] 


made by simply replacing tubes in a 


few hours’ time 


Booklet No. 12. It 


installations on many types 
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tent of 0.05%, was found to be 0.09 wp 
0.10%. This can be obtained with a phos. 
phorus content of the converter iron of 
0.09%, if the converter slag is kept away 
from the open-hearth furnace by proper 
means. 

Compared with melts with a higher phos. 
phorus charge, an improved steel quality 
besides a considerably higher manganese 
yield was found. Only for harder types of 
steel, especially if a low phosphorus cop. 
tent is required besides a high manganese 
and silicon content, the advantages real. 
izable in the open-hearth furnace with a 
further reduction of the phosphorus charge 
justify a further dephosphorization of the 
converter iron. 

The metallurgically most favorable op. 
erating method was found to be at the 
same time also the most economical. 


—H. Buchheltz & K. Debuch. Stahl wu. Eisen, 
Vol. 63, Oct. 28, 1943, pp. 777-784. 
Slag Control Methods 
Condensed from 
“Blast Furnace and Steel Plar 

Five possible methods of estimating com- 
position of slag for control of open-hearth 
heats were investigated. These we 1) 
visual inspection of pancake sampk 2) 
visual examination of powdered sla 3) 
microscopic examination of polished slag 
samples; (4) measurement of the city 
of suspensions of powdered slag in di:tilled 
water; and (5) determination of “free CaO” 
by chemical methods similar to thos: used 
for cement clinker. The chemical composi- 
tion of the slag was used as the basis of 
comparison. 

Method (4) is a new technigq hat 
appears to have some promise, bu 1as 
not yet been applied to practice. T ro 
cedure involves crushing the co lag 
lump until all the sample passes a esh 
screen, removing iron, and mixing lag 
well. Then, at least 200 mg. of sla w- 
der, which can be measured on the tip of 
a spatula without weighing, after ttle 
practice, are added to about 100 of 


water in a 250-ml. Erlenmeyer flask. The 
flask is well stoppered, shaken intermit- 
tently, and let stand for 10 min. 


A glass electrode pH meter is checked 
for the usual adjustments and temperature 
corrections. The glass electrode and sample 
cup are rinsed with the suspension and the 


pH is read. 
Results of the investigation indicate that 
method (1) is fairly reliable over the range 
(V values) from 1.0 
to 2.5, is somewhat less reliable from 2.5 
to 3.0, and may be subject to serious errors 
in V ranges above 3.0. The interpretation 
of the pancake samples must be varied 
somewhat with the use of different 


of lime-silica ratios 


harg- 
ing practices in the same open-hearth shop. 

Method (2) affords some estimation of 
both basicity and content of iron and man- 
ganese oxide, as the color of finely pow dered 
open-hearth slag varies with the composi- 
tion. With intensive study, this method 
might be useful for control purposes, but 
it is probably no better than pancake 
methods. 

Method (3) is useful for following the 
maturing of the slag in the course of 4 
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preter The popular dead-burned dolomite. 
‘he Used by the steel industry more than 


25 years for basic open hearth and slag line main- 


tenance. Magnefer has won acceptance as a depend- 
able refractory, uniform in grain size and composition. 
For prompt’ shipment at all times, ample circulating 


stock is carried at the Maple Grove, Ohio, plant, 
located at the geographical center of the industry. 


A rice-size, dead- burned dolomite, 
with the same chemical and mineral- 
properties as Magnefter, Syndolag is ideal for 


an) 


e ric furnace hearth maintenance. Its smaller, sharp- 
angled grains, carefully proportioned as to sizing, have 
é ep angle of repose. This enables Syndolag to 


adhere well to steep banks. Smaller grains absorb heat 
quickly and consolidate readily in residual furnace heat. 

. The original quick-setting magnesite 
refractory, for construction and repair 
of furnace hearths. Recommended especially for re- 
surfacing old hearths, to prolong their useful life. For 
resurfacing, an old hearth is washed down about 6 
inches to provide a sound foundation. Basifrit, burned 
in very quickly in successive thin applications, pro- 
vides a clean new bottom, with minimum time lost 
from production. 


ne 
b 


Fine-grained, fast-setting magnesia 
refractory designed for emergency 
repair of deep bottom holes in quickest possible 
manner. After slag and metal are cleaned from a hole, 
Hearth Patch is dumped into it, and leveled off. Repair 
is finished by surfacing with a two-inch layer of burned 
dolomite or magnesite. Patch settles down under oper- 
ating temperature to become a smooth, long-lasting, 
dependable repair. 

















A new series of fine-grained, quick- 
setting, highly adhesive refractories, 
designed for rapid emplacement on furnace linings by 
air stream and water. The Gunmix and Gunmix Gun 
now available are intended primarily for maintain- 
ing hot sidewalls of basic electric steel furnaces. Also 
in successful use with soaking pits and small open 
hearth furnaces. Other Gunmixes of acid and neutral 
types, to be emplaced similarly, and larger capacity 
guns are in course of development. 


The original cold-ramming magnesia 
refractory, specially designed for new 
hearth construction in basic open hearth and basic 
electric steel furnaces. Ramix takes a quick air set and 
when subjected to operating temperature becomes 
an extremely dense, hard monolith, highly resistant 
to hydration. Now in use in hundreds of furnaces. 
Also widely used for major hearth repairs. 





A strong plastic basic refractory de- 

signed for hot applications. Melting 
point well above 3600°F. 695 is widely used for 
making tap holes and spout linings, as well as for hot 
repairs at critical points in 
many types of metal furnaces, 
where conditions are severe 


BASIC FURNACE 


and operating temperatures iba 


: 


unusually high. Shipped in 
bags ready to use, requiring 
only tempering with water. 


RAW DOLOMITE 


Washed open hearth dolo- 
mite in standard %-inch size. 
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WHY, THIRTY MINUTES 
AGO YOU WERE A 
PILE OF SCRAP —! 





| KNOW, BUT THAT 
DETROIT ELECTRIC 
FURNACE CONVERTED 
ME IN A HURRY! 








Detroit Rocking Electric Furnaces pro- 
duce one to two heats per hour; save 
scrap, fuel and labor. 
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rela Mmatel ii 
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demand for high speed production makes the Detroit Rocking Electric 
a natural in any foundry. You can run two brass or bronze heats 


or you can take off a heat of Monel metal, nickel, stainless steel alloy 


oftener if you run smaller 


4 ; 4 bd 
And you can run a different mixture on each heat Detroit Furnaces 


many other TURE I felilellare ele bh Zelatiele [14 Close control. over temperature 


together with the homogeneous melt which is assured by the 


automatic stirring action under non oxidizing conditions, guarantees superior 


meta!lurgical results 
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heat, but by itself does not give a sensitive 
estimate of the composition of the slag. 

Method (4) is roughly equal in reli- 
ability to the pancake method over the V 
range from 1.5 to 2.5, and is definitely 
superior in estimating slag basicity above 
2.5 V ratio. 

Methods tried in (5) are useless for 
control of open-hearth slags. 


—W. O. Philbrook & A. H. Jolly, Jr. Blas: 
Furnace & Steel Plant, Vol. 32, July 1944, 
pp. 793-797; Aug. 1944, pp. 938-942, 


Ingot Mold Life 


Condensed from “Stahl und Eisen” 


The life of chill molds depends mainly 
on three factors: dimensions, metallurgical 
influences, and operating conditions. The 
metallurgical influences are more closely 
investigated, particularly for steel ingot 
molds, these being chemical composition 
of the charge, melting process, tapping at 
pouring temperature, composition of the 
finished casting, and heat treatment. 

The principal properties the mold must 
possess are good resistance to hottest te: 
peratures, and high mechanical strength 
elevated temperatures. A desirable struct 
for a mold is the ferritic with a not-t 
small amount of laminar pearlite. 

The carbon content should be as hi 
as possible, up to and over 4% of whi 
85 to 90% should be graphite, besic 
1.2 Sn and below 1% Si. Molds with m: 
than 1.3% Mn cracked always at a life 
less than 110 castings, so that a reduct 
of the manganese to about 0.8 seems ad‘ 
able. The phosphorus content should 
below 0.15% for reasons of prevent 
growth, and sulphur must not be m 
than 0.1%. 

Copper is usually present at 0.1 to 0 
and is harmless. A chromium content 
decidedly harmful, as the burning off 
the chromium amounts to 30 to 40% 
the cupola furnace, and in the open heat 
furnace still to 10 to 20%; furthermore, 
chromium reduces the graphite-germinating 
effect. 

A material with 0.65 V and 0.4% Ti 
(Norwegian Vanite-iron) increases life 
on an average of 4.8% and does not, there 
fore, offer much economical advantage. 
Nevertheless, vanadium has a favorable 
effect on the hot-strength and permanancy 
of dimensions in gray iron, and titanium 
on graphite formation. 

A composition approved by long years 
of experience is: 3.6 C, 3.1 graphite, 1.5 
Si, 0.8 Mn, max. 0.15 P, 0.1 S, 0.1 Cr and 
0.15% Cu. The saturation degree of such 
cast iron is 95%. 

A diagram is given showing the tensile 
strength as function of the saturation degree 
for round rods: at 95% saturation, rods of 
70-, 50-, 30- and 20-mm. diam. have a 
tensile strength of 14, 19, 24 and 27 kg. 
per sq. mm., respectively. A heat treatment 
of the molds consisting of heating to 800 
C. (stress-relieving annealing) and slow 
cooling to 300 had a favorable effect. The 
average life of such molds was 150 to 165 
castings. 


—B. Koros. Stahl u. Eisen, Vol. 64, 
Mar. 9, 1944, pp. 159-164. 
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A FEW FACTS ABOUT 


CORHART PRODUCTS 


Corhart Electrocast Refractories are 
high-duty products manufactured by 
melting selected and controlled refrac- 
tory batches in electric furnaces, and 
casting the molten material into molds. 
After careful annealing, the finished 
shapes are ready for shipment. Dense, 
high-melting refractories, they are es- 
pecially designed for resistance to cor- 
rosive action. 


PRODUCTS 

CORHART STANDARD ELECTROCAST is a 
high-aluminous refractory. 

CORHART ZED ELECTROCAST is Zirconia- 
bearing. 

CORHART ELECTROPLAST is a high-temper- 
ature plastic refractory made from Standard 
Electrocast which has been ground and crushed, 
Especially designed for ramming. Furnished dry. 


CORHART MORTAR is a high-quality cement 
for laying up Electrocast, clay brick, or any 
aluminous refractory. 


CHARACTERISTICS OF 
STANDARD ELECTROCAST 


POROSITY: Less than 0.5%—therefore virtually 
no bsorption. 

FI YN POINT: Cone 38 without any appre- 
ci softening below that point. 


H NESS: 8, Mineralogist’s scale. 


SI IC GRAVITY: Blocks weigh approxi- 
m 183 lbs. per cu. ft. 

Ci FICIENT OF EXPANSION: 0.000006 
becween room temperature and 900° C. 


SPECIFIC HEAT: 0.25 cal. per gm. per °C. at 


98 


TI MAL CONDUCTIVITY: 25 BTU per sq. 
ft hour for gradient of 1°F. per inch. 


( POSITION: Standard Electrocast is of an 
al ous crystalline nature. 


( SION: Because of low porosity and 
chemical make-up, Corhart products 
ghly resistant to corrosive action. 


APPLICATIONS 
M heat processes present spots where a better 
re ‘ry material is needed in order to provide 


a need unit and reduce the expense of re- 
p | repairs. It is for such places of severe 


set that we invite inquiries regarding Corhart 
Products as the fortifying agents to provide the 
refractory “‘balance”’ desired. 

The following is a partial list of applications 
for which Corhart Products are suggested: 
ELECTROLYTIC CELLS — for production of 


Magnesium and other light metals. 


SILICATE OF SODA FURNACES — sidewalls, 
bottoms, and breastwalls. 


HEARTHS AND SMELTERS — for non-ferrous 


metals. 
ALKALI AND BORAX MELTING FURNACES 


— fast-eroding portions. 


GLASS FURNACES — the entire installation of 
flux walls and bottoms, breastwalls, ports, tuck- 
stones, forehearths, recuperators, etc. 


RECUPERATORS—tile, headers, separators, etc. 
ENAMEL FRIT FURNACES — flux walls and 


bottom. 
BRASS FURNACES — metal contact lining. 


ELECTRIC FURNACES — linings for rocking 


type, and rammed linings of Electroplast for 
this and other types. 


BOILERS — clinker line. 


STOCK SHAPES AND SPECIALS 
Standard and Zed Electrocast are made in stock 
shapes and in many special shapes. The weight 
ot individual pieces may run to 3500 pounds, 
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IF YOU NEED 


A BETTE 
REFRACTORY-= 


@ Corhart Electrocast Refractories are high-duty products 








which have proved considerably more effective than con- 
ventional refractories in certain severe services. If your 
processes contain spots where a better refractory is needed 
to provide a balanced unit and to reduce frequent repairs, 
Corhart Electrocast Refractories may possibly be the answer. 
The brief outline at the left gives some of the basic facts 
about our products. Further information will be gladly 


sent you on request, 


Corhart Refractories Company, Incorporated, Sixteenth 


and Lee Streets, Louisville 10, Kentucky. 


“Corhart” is a trade-mark, registered U.S. Patent Office. 
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The SURFACE 


The BRICK 


e@ Forms a Highly-glazed 
Vitrified, Monolithic Surface 


A simple application of Brickseal 
with brush or spray gun, protects 
your furnace refractories against 
cracking, spalling and deteriora- 
tion due to variable temperatures, 
differential heating, corrosive va- 
pors, and flame abrasion. 


Furnace is ready for operation 
immediately after application of 
Brickseal. Heat of furnace vitri- 
fies Brickseal permanently into 
all pores, cracks and joints, and 
forms a highly-glazed, monolithic 
coating. Brickseal cannot crack, 
peel or blister due to sudden tem- 
perature variations because it re- 
mains semi-plastic until furnace 
cools. 
Write 


for sample or Brickseal 


representative, today. 


BRICKSEAL 


REFRACTORY 


TON 


co. 


129 CLIN f 
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| carbon and manganese were 0.10 to 0.12%, 


| final FeO content of the slag from about 





| tion) are: 26.0% furnace charge and raw 
| materials, 





Factors Affecting Ingot Surface 


Condensed from “Iron and Steel Engineer” 


This study covered the factors affecting 
the surface quality of semi-finished ingot 
products at the blooming mill. Five hun- 
dred heats of a low alloy steel with about 
0.25 C, 0.75 to 0.85 Mn, 0.50 to 0.65 Si 
and 0.50 to 0.65% Cr were included. 

The surface quality was evaluated in 
terms of a “breakage index’; increasing 
values of the breakage index indicate in- 
creasing surface defectiveness. The break- 
age index curves showed a trend similar to 
curves showing the per cent cold rolled ma- 
terial rejected for physical properties. 

The effect to 5 to 30% scrap in the 
charge of the open hearth was investigated. 
The breakage index was lowest for 25 to 
30% light scrap, up to 15 to 17% heavy 
scrap, and about 15% alloy scrap. The 
silicon content of the pig iron should not 
exceed 1%. When the finishing slags were 
in good fluid basicity, the final preliminary 


and 0.10 to 0.15%, respectively; these val- | 
ues also gave reasonably good surface quality. 

The nearer the manganese/carbon ratio 
approached 1, the more favorable the rol- 
ling was at the blooming mill. The break- 
age index increased consistently with in- 
creasing sulfur and phosphorus. Increasing | 
15 to about 30% 
index. 

Pitch was found to be the best ingot 
mold dressing. The breakage index was a 
minimum if the temperature of the ingot 
molds when they were dressed was 200 to 
250 F. At this temperature, the pitch gave 
a bright, hard, enamel-like surface. The 
breakage index increased as the number of | 
firecracked molds increased. | 

The lowest teeming temperature gave 
the smallest breakage index. A_ transfer 
time of 514 hr. between teeming and charg- 
ing gave the lowest breakage index. The 
lowest soaking pit temperature for charg- 
ing the ingots gave the best results, while 
a total heating time of about 1 to 6 hr. 
was unfavorable. 

The prime important factor and, perhaps, 
the most effective one is a well prepared 
ingot mold. The effective improvement 
made possible by proper mold preparation 
is about 37.0%. The average difference in 
surface quality between heats poured into 
coated and into uncoated molds (grouping 
the evaluated findings in each unit opera- 


decreased the breakage 


35.3% refining practices, and 
mechanical handling. 


—H. F. Lesso. Iron & Steel Engr., 
Vol. 21, Aug. 1944, pp. 63-72. 


38.7 % 














Smelting Magnesium 


Condensed from “Light Metal Age’ 


Salvaged magnesium, or “smelter’s pro- 
duct”, if properly processed, makes ingots 
of equal properties with those made solely 
from virgin metal. Furthermore, the sal- 





THE RITE 


PRODUCTS 


are always the right products 


FOR CLEAN 
STEEL 


AND INCREASED PRODUCTION 


LUNKE-RITE — an extremely effective 
exothermic, powdered compound for 
the control of piping in steel ingots 
poured with or without, hot tops; and 
in steel castings. It increases ingot 
yield considerably. The additional heat 
created has a beneficial effect on 
quality of steel by reducing rate of 
cooling in center section of ingot, 
which has been found to prevent in- 
ternal cracks and laminations. This 
fact is especially important for large 
forging ingots.—Also used for fitting 
ladle stopper into nozzle;—as covering 
of nozzle and stopper head, which, as 
several plants claim, eliminate any 
dripping during the pouring;—as cover 
on steel in ladle where duplexing or 
reladling is practiced;—as cover on 
hot metal being transported a distance 
from blast furnaces. 


A grade of LUNKE-RITE fo: 
every need. 


RITE-MELT CLEANSER — a strongly 
effective powdered compound, contain 
ing no aluminum, placed on bottom o 
ladle just before tapping heat; or into 
stream as soon as it begins to flow 
into ladle; preferably on bottom of 
mold, thereby gaining greater advan 
tage by preventing stool-stickers. 


RITE-SULPHUR REDUCER — put on 
bottom of ladle just before tapping 
heat; or into stream as soon as it be- 
gins to flow into ladle. Reduction ac- 
cording to original content of Sulphur. 


CONRAD WOLFF 


Manufacturer—Owner of 
THE RITE-PRODUCTS CO. 
Irvington 11, N. J. 


Additional Products: 


RITE-TONERDE — finest levigated 
alumina. 


GREEN-ROUGE POLISH—levigated 
chromic oxide. 


MILD POLISH—levigated tin oxide. 
SHARP POLISH—levigated cerium 
oxide. 


P. 0. BOX 448 NEWARK 1, Wi. J. 
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* Moore Rapid Lectromelt Furnaces are 
lt in a wide range of standard sizes 
ym 100 tons down to 25 pounds capacity. 
\lmost all of the Lectromelt furnaces in- 
talled during the past few years have 
een of the top charge type. The top 


such as greater output due to decreased 
charging time, lower power and refrac- 
tory costs, increased production per man 
hour and many others. Especially large 





some of the very large sizes—frequently 


| hearth platform—a door charge furnace 
| may be used with the charging being han- 
| dled by an open-hearth charging machine. 





PITTSBURGH LECTROMELT 


FURNACE CORPORATION 
PITTSBURGH 30, PENNSYLVANIA 








is 
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charge feature offers many advantages. @% 


pieces of scrap can be charged readily, I 
and light fluffy scrap can be charged to am 
shell height with a drop bottom bucket. In q 





arranged for installation on an open-- 





T} 


A size KT” 
Lectromelt top 
charge furnace with 
roof rotated, ready 
to be charged by 
a drop botton 
charging bucket 
This is one of the 
heavy, steel mill 
type furnaces. 





























following tables list rtinent data r 
Various sizes of Le Fur 
TABLE I. These larger Capacity furna ar heav 
mill type and are generally j Juctior 
Lectromelt | Nominal Size Shell Nominal Capacity 

Size of Heat Diameter of Substation 
HT 75-100 Tons 20’—-0"" 15,000 kva 

IT 60-75 Tons 19’—0” 15,000 kva 

JT 50-60 Tons 18’—0” 12,000-15,000 kva 
KT 40-50 Tons iy ——-y" 10,000-12,000 kva 
LT 30-40 Tons 16’—0” 8,750-10,000 kva 
MT 25-30 Tons 13’—0” 7,500 - 9,375 kva 
NT 15-20 Tons 12'—4"" 7,500 - 9,375 kva 
OT 8-12 Tons lr” 6,000 - 7,500 kva 
TABLE Il. The Lectromelt furnaces listed in this table 


ally used in foundry work but many of these 


are used in ingot shops for pouring billet s 


are gener- 
smaller furnaces 








ize ingots or for 

tool steel. 

Lectromelt | Usual Hourly | Usual Size | Nominal Size of 
Size ProductionRate| of Heat** Substation 
OPT 4% Tons 8-9 Tons 3,000-3,750 kva 
PT 3 Tons 56 Tons 2,000-2,500 kva 
CQT 2 Tons 32-4 Tons 1 ,000-2,000 kva 
QT 1% Tons 242-3 Tons 1,200-1,500 kva 
RT 1 Ton 2 Tons 800-1000 kva 
ST 1,000 Pounds | | Ton 400- 500 kva 
TT 900 Pounds | 1,000 Pounds 300- 375 kva 
UT 250 Pounds 500 Pounds 200- 250 kva 




















"On acid 


practice or single slag 


**The furnaces are so constructed that, wher 


mands, especially large he 


ats can be poured, «x nsiderably in 


excess of the “usual” heats listed. 


TABLE III. 





The Lectromelt fur 


naces listed in ¢} 


Dasic practice 


lis tabl. 


ccasion de 


are in- 











tended primarily for laboratory and experi 
furnaces are for operation from a single pk 


1ase supply 


mental use. These 





Lectromelt Laboratory Sizes 








Usual Size of Heat | KVA Rating 
V 200-300 Pounds 100 
Vw 100 Pounds 100 
W 50 Pounds 50 
xX 25 Pounds 37.5 
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" A Schloemann 2500-Ton Hydraulic Ro 
Extrusion Press 








































































* Known throughout the non-ferrous indus- 
try as an economical machine tool, Schloemann 
Extrusion presses are designed for efficiently 
extruding tubular products, as well as rods, bars, 


and all kinds of sections, strip and wire rods. 


Among the several outstanding details of 
design contributing to the success of Schloemann 


Extrusion Presses are the following: 


e Patented support of the platen and container 


holder in the centerline of the container. 


. Independent movement of the mandrel from 


the press stem due CO arrangement of piercer. 


e Controlled temperature throughout the con- 


tainer with the induction heating element 


@ Patented balanced quick-acting control valves. 






oe es nus 


1104 Empire Building .....+-.s 
HYDRAULIC PRESSES ROLLING MILL MACHINERY 
















» SCHLOEMANN 


OTHER PRODUCTS 


°e HYDRAULIC 
PRESSES 


°e ACCUMULATOR 
CONTROLS 


°e AIR HYDRAULIC 
ACCUMULATORS 


© COMPLETE 
HYDRAULIC 
SYSTEMS 


Schloemann’s Engineering 
staff is prepared to assist 


you with your extrusion 


problems. 




















vaged material has benefit of sequiring « 
decreased superheating tempéfature, and 
the grain is finer. Contrary to most metals, 
magnesium improves upon each remelting 
cycle because of the reduction of grain 
size through each succeeding remelt op- 
eration. 

Remelt material use will reduce the 
amount of superheating necessary to achieve 
high mechanical properties in castings, en- 
abling a faster melting cycle, hence in- 
creased production. Crucible life will be 
stepped up and consumption of combustion 
gases reduced. 

Nickel is harmful if present in amounts 
exceeding 0.005%. Nickel is easily picked 
up from a crucible containing over 0.50% 
Ni. As to copper, amounts not exceeding 
0.07% are not harmful. Ingots should have 
a maximum of iron content of 0.007%, 
though this is impractical in normal found- 
ry practice. Careful foundry operations 
should result in a casting having between 
0.010 and 0.015% Fe. 

As to silicon, some foundries find that 
an excess of 0.20% makes excessive shrink- 
ing of finished castings. We believe that 
an 0.07% Si pickup is maximum in good 
foundry practice, thus allowing for an 
0.20% maximum in the finished casting, 
considering that salvaged or smelter ingot 
would contain not more than 0.13% 
Some foundries note a decided decrease in 
corrosion resistance with over 0.05% Pb. 

Phosphorus should be eliminated or 
creased because it creates a peculiar black 
“burned” appearance on the casting 
face, which produces dangerous sparks 
when a sharp tool contacts it. Calcium 
reduces burning during casting but should 
be kept to under 0.02%. 


When charging, spatters are blended 
into a number of heats to minimize high 
silicon content. Drums of borings, with 


over 20% oil, are drained and dried. A 
small amount of oil is good, acting as an 
inhibitor against burning during the charg- 
ing period. Melting temperature must be 
kept as low as possible, and melting cycles 
should be done in 90 min. 

The charge is heated to 1290 F., then 
transferred to a preheated clean crucible, 
where it is brought up to an alloying temp- 
erature of 1390 F. Aluminum and zinc 
ate added, if necessary, and 2% of refin- 
ing flux by weight of total charge is added. 
A good pouring temperature is around 
1230 F. 

—W. B. Griffin. Light Metal Age 
Vol. 2, July 1944, pp. i7-18. 


Quality of Silica Brick 


Condensed from “Industrial Heating 


Service tests in which each half of an 
open-hearth roof is of different brand of 
brick show that certain brands are inferior, 
in spite of giving almost identical values. 
This is because the portion of a refractory 
under load becomes liquid, and is more 
readily attacked by fluxes. Therefore, the 
rate of wear bears a direct relationship to 
rate of formation and character of the 
liquid. 
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gages 


by the steel industry in peacetime proved 
to be tremendous assets for a nation at war. 
They gave us a running start. 

Appreximately $1,063,000,000 in Govern- 
ment funds were invested during wartime 
expansion. The industry itself spent 
$},151,000,000 in expanding and modern- 
izing—matched the Government dollar for 
dollar. 

he iron-ore industry achieved a miracle 
of wartime production. 
ake ore fleets set records. 

Pig iron production was pushed to the 

uimost. 

\ shortage of scrap was averted. 

‘he industry had a brilliant corps of metal- 
yists who were able to solve seemingly 
luble problems. One by one each of the 
important alloy materials—chromium, cobalt, 
manganese, molybdenum, nickel, tungsten, 
vanadium—became hard to get in adequate 
quantities. Whole ‘new families of steels were 
conceived around conference tables in the 
offices of American Iron and Steel Institute. 

The new steels, known as NE (National 
Emergency) steels, while economical in their 
use of alloys, are in no sense an “ersatz’’ 
product: The first two series of such steels, 
announced early in 1942, were as strong as 
standard alloy steels having four times as 
large an alloy content. 

Conservation was accelerated when tech- 
nical committees reported on certain harden- 
ing agents which contain such elements as 
boron, titanium, or zirconium. These cut 
down the amount of alloys required. 

Practically all important parts of military 
equipment are made of alloy steels. Modern 
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QUIPMENT and experience accum lated 


Duild for peace! 


guns, small arms, armor, projectiles, airplane 
engines, aircraft fuselage tubing, and even 
helmets are almost entirely alloy steel. 

Military applications required combinations 
of strength, hardness, ductility, and fatigue 
resistance not duplicated by any of the stand- 
ard peacetime steels. 

Not once has any war plant had to shut 
down for want of steel. 

The steel industry of the United States is 
proud of its contribution to victory; and some 
of the alloy steels thus produced for the first 
time, some of the new methods of treating 
and fabricating steels, to make submarine 
skins, airplane wing coverings, or armor- 
piercing shot, are likely to be useful long 
after the war is over. 


a * 4: * * 


The foregoing paragraphs are condensed 
from an admirable recent pamphlet, ‘‘Steel’s 
War Record,”’ issued by the American Iron 
and Steel Institute, to which acknowledge- 
ment and compliments are offered by the 
Molybdenum Corporation. 











AMERICAN Production, American Distribution, 
American Control—Completely Integrated. 
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HAVE YOU TRIED 
CERI U iii 


ADDITIONS TO ALUMINUM ALLOYS ? 


lt has been found that the addition of a small 
percentage (0.30-0.35) ‘of Cerium* to Alum- 
inum Alloys results in 


Grain Refinement 
Notable Increase in Tensile Strength 
Improved Elongation and Hardness. 


Casting qualities have been conspicuously im- 
proved with a resultant marked reduction in 
rejects for cracking due to alloy properties. 


Similarly favorable results are indicated when 
Cerium Alloys are added to other ferrous and 
non ferrous metals. 


There is no change in your usual foundry pro- 
cedure other than the addition of the Cerium 
Alloy to the melt. 


A report covering the application of Cerium* 
to Aluminum casting is available. Ask us for 
a copy. 


Now Available 
CERIUM MASTER ALLOYS 


‘with 


ALUMINUM + CARBON + COPPER «+ GOLD 

IRON + LEAD + MAGNESIUM + MANGANESE 

a ied 3 . SILICON . SILVER . TIN 
OTHERS ON REQUEST 


*CERIUM Standard Alloy containing 45-50% 


Cerium — Balance principally rare earth metals 


The Source for Facts about Cerium 


“CERIUM METALS 
CORPORATION 


522 FIFTH AVENUE 


NEW YORK 18,N. Y 











Liquid development is best determined 
by hot load tests in which the temperature 
is gradually raised until failure occurs. A 
50-lb. load causes brick to fail when the 
calculated liquid content reaches about 18%. 

Roof life has suffered seriously when alu- 
mina content of silica brick increased un- 
duly. This possibility should be considered 
before ascribing lower roof life to the 
effect of hard driving or carelessness. 

At 2% CaO, the temperature correspond- 
ing to 20% liquid changes from 3010 F. 
with 0.8% alumina to 2940 F. with 1.2% 
alumina. With 0.8% alumina, the per- 
centage of liquid at 3000 F. passes through 
a minimum at 2% CaO. That is, there is 
a larger percentage of liquid with either 
more or less CaO. With 1.2% alumina, 
the minimum point is about 3% CaO. 

An alumina content corresponding to 
20% liquid at 3000 F. passes through a 
maximum at about 2.5% lime. For other 
percentages of liquid up to 28%, this max- 
imum shifts to 3.25% lime. 

The effect of alumina on temperature of 
failure in 50-lb. hot load test is linear, 
going from 3015 F. at 0.8% alumina to 
2845 F. at 1.3% alumina. At this higher 
alumina content, experimental points range 
from 2800 to 2890 F. 


Frank G. Norris. Ind. Héating, Vo 
Aug 1944. pp. 1316, 


Enriched Air in the Blast Furnace 
Condensed from “Stahl und Eisen 


An investigation as to whether the «n- 
riching of the air by oxygen would in- 
crease production in the blast furnace 
very promising results. The oxygen 
tent was increased up to 26%. This « 
not be exceeded for operational reaso 
the experimental furnaces. 

The iron content in the ores amo 
to 20 to 28%, in the sinter to 38.4° 
in rich Swedish ores from 50 to 62%. 
burdens were composed of 100% low 
ores and of 50% low-iron (domestic) 
high-iron (foreign) ores. 

Besides increase in production, consider- 
able saving in coke was obtained. Roasting 
or sintering of the ores and using slaked 
lime instead of crude lime proved to be 
favorable and necessary to obtain the best 
effect of oxygen increase. If +the burden 
is very dense and, therefore, the resistance 
to the gas passage high, the smaller quan- 
tities of gas with the enriched oxygen con- 
tent facilitate the downward movement of 
the burden in the furnace and give better 
furnace operation. 

The reason for the great reduction of the 
production for domestic (low-iron) ores 


‘is seen in the large quantities of slag and 


high coke consumption and the unfavorable 
space ratio between coke and ore, which 
further lowers the gas permeability of 
the burden of domestic ore. 

The operation with oxygen was found 
to be 20 to 50% cheaper, even with little 
saving in coke after deduction of the cost 
for the oxygen, than the operation with 
normal air. 


—W. Lennings. Stahl u. Eisen, 
Vol. 63, Oct. 21, 1943, pp. 757-767. 
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“for 80 years it’s 
been our job to 
“track down’ 
furnace or pro- 
duction problems involv- 
ing refractories” ...... 


licking them with a Taylor ‘pedigreed’ 
product. For example, Taylor Zircon 
refractories are ‘best of breed’ for alum- 
inum open hearth furnace bottoms and 
side walls to metal line, resulting in 
cleaner metals — more production. In- 
quiries receive immediate attention and 
careful study by Taylor engineers. Write 
for Bulletin 200. 


[ANUFACTURE RS OF REFRACTORIES «+ CINCINNATI #¢ OHIO «+ 


NOVEMBER, 1944 
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Mechanical Handling in Foundries 
Condensed from “Foundry Trade Journgl# 


The types of melting furnaces for which 
foundry handling methods are considered 
are the cupola and the converter open 
hearth, electric, rotary and air. Cupola 
charging methods are by hand pulley block, 
electric pulley block, hoist or lift, skip 
hoists, drop bottom buckets, electric aa 
head travelling crane, conveyors. Conver. 
ters are in most cases charged with molteq 
metal, and this is usually transported from 
the melting furnace by an overhead travel. 
ling crane. 

With hand molding it is necessary only 
to consider the handling of facing sand 
from the mills to the molder; the backing 
sand usually remains at the molder's side 
In a fully mechanized sand systein, sand 
is automatically returned from the knocde 
out station to an overhead hopper above 
the molding machines. Considerable con. 
venience may be gained from using a unit 
sand, which has been proved to give excel- 
lent results. 

Generally, the conveyors and elevators 
that are in use fall into five distinct types: 
Bucket elevators, tilting bucket conveyors, 
flat and troughed belt conveyors, scraper or 


push plate conveyors, and apron plate con 
veyors. 

In foundries employing moldi ma- 
chines and mechanized sand handling sys- 


tems, the following types of conveyors are 
available for molding flask handling: Rol- 
ler track, overhead chain conveyor, plate- 
type floor conveyor, slat convey and 
walking beam conveyor. Core sand may 
be delivered and discharged into storage 








bins in the same manner as moldin« sand. 

Drying of core sand may be accomplished 
by a coal, coke or gas-fired stationa: yer, 
but if the sand contains a clay content in 
excess of 2%, it will not flow eas For 
this type of sand, and where quan ; in 
excess of 14 ton per hr. are required, it 
is more satisfactory to employ a rotary 
sand dryer, which may be fired by coal, 
coke, gas or oil. 

The feed to rotary-type dryers should be 


uniform, and may be effected by a drag 
link conveyor passing through the storage 
hopper and delivering into an elevator 
which, in turn, feeds the dryer. Before dis- 
charging from the dryer, the sand passes 
through a screen built into the dryer to 
eject waste materials that may be in the 
sand. 





— Foundry Trade J., Vol. 73, July 13, 194, 
pp. 207-213; July 20, pp. 233-238; 
July 27, pp. 259 261. 





Superheating Gray Cast Iron | 


Condensed from “Transactions” of the 
American Foundrymen’s Association 


It has been known for years that the 
structure and properties of ordinary cast 
irons depend upon variables of the melting 
process to as great an extent as upon normal 
variations in chemical composition. 
attention has been focused on “superheat- 
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Molybdenum added fo cast iron 
promotes uniform hardness 
in varying sections. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING , MOLYBDIC OXIDE, BRIQUETTED OR CANNED e@ 
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THAN MEETS - 
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Fisher Furnaces—George Adler Foundry, Cleveland, Ohio 


Melting Room Modernization has ceased to be a mere 
choice of equipment by trade name and capacity. Mod- 
ernization today—as strongly emphasized by war's drastic 
demands and to be further emphasized when serious 
competition returns—is a scientific study demanding an- 
swers developed from experience. Conservation of labor, 
fuel and material, which is essentially the only answer 
to competitively lower costs and maximum profits, begins 
with plant layout organization and careful analysis of 
the specific production job to be accomplished. Coping 
with such problems from the word “Go,” including the 
engineering of the plant layout, recommendations for the 
proper equipment for the specific application, coordina- 
tion of the equipment to the individual requirement, as 
well as the building of the equipment, have long been the 
specialty of Fisher Engineers. Prime consideration to faster 
melting, longest crucible and refractory life, minimum 
supervision and maintenance, and lowest fuel consump- 
tion is a requisite and proved feature in every Fisher Fur- 
nace. The Fisher Line of Furnaces includes models for 
sand casting, die casting, permanent mold, holding, alloy- 
ing, melt-down and smelting. Consult Fisher or the Fisher 
Representative in your locality for complete details on 
what this service and experience can mean to your mod- 
ernization program. Write for Bulletins No. 550 and No. 
600 if you have not received your copies. 


5541 NO. WOLCOTT AVE., CHICAGO 40, ILLINOIS 




















ing” for assuring good mechanical strength, 
A metal is superheated when its tempera. 
ture is raised above its liquidus temperature. 

In 1935, Di Guilio and White experi. 
mented with an electric furnace. Data were 
obtained with accurate temperatures of sy. 
perheating, constant pouring temperatures, 
and fairly constant analysis. Results showed 
increases in tensile strength up to super- 
heating temperatures of 3000 F., then sharp 
declines. 

Modulus of rupture and _ transverse 
strength increased with tensile strength and 
abruptly declined at 3050 F. They at. 
tributed the effects of superheating to gra. 
phite nuclei, primarily in the liquidus-so}. 
idus range. Pohl developed the possibility 
of a combination of time and temperature 
in the effects of superheating. 

The present authors wanted to isolate the 
factors causing the effects of superheating, 
They now limit them to the influence of 
gases alone, particularly carbon monoxide 
and hydrogen. They found that the effects 
of superheating were not due to any nu- 
cleation mechanism and that they were 
probably due to variations in the gas con- 
tent of the metal. 

Water vapor increases the tensile strength 
slightly, and produces a flake graphite 
structure, indicating the water is reduced 
by carbon and the hydrogen thus formed 
influences the structure and properties of 
the metal. 

Hydrogen eliminates ferrite, promotes the 
formation of flake graphite, and affects the 
tensile strength of the cast iron. The effects 
of superheating are essentially due :o the 
presence of carbon monoxide, and modified 
to some extent by the hydrogen presc.1t. 

Very little is known about the method 
by which these gases influence the structure 
of cast iron. The purpose of the carbon 
monoxide may be to catalyze the om- 
position of iron carbide, acceleratine gra- 
phitization. Hydrogen might rem« car- 
bon monoxide from the melt the 
formation of methane and water vapor, 
and hence remove the mechanism for the 
graphitization of carbide. 


—A. W. Schneble, Jr. & J. Chipman, 
Trans., Am. Foundrymen’s Assn., 
Vol. 52, Sept. 1944, pp. 113-158, 


Bottom Pouring of Steel Castings 


Condensed from “The Foundry’ 


In steel foundry operations, the molten 
metal is usually tapped into a ladle and 
then poured into molds. Usually a bottom- 
pour ladle is used. This ladle is a refrac: 
tory-lined steel shell with a hole in the 
bottom close to the rim in which is inserted 
a refractory nozzle, usually made of clay. 
Fitting into the nozzle is the stopper, made 
of a graphite-clay mixture, mounted on the 
end of a steel rod protected by clay sleeves. 

The stopper-rod assembly extending ver 
tically through the metal in the ladle 1s 
fastened to a goose-neck which, in turn, is 
connected to a lever system. The flow of 
metal is controlled by raising and lowering 
the stopper in and out of the nozzle. These 
parts must give clean cut offs and open 
easily. 
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That’s the story .. . Orders prove it 


A Most Exacting Field 
If it isn’t Right, it isn’t Malleable 


JISCO 
SILVERY 
IRON 


Pig Iron plus Silicon from Virgin Ores 





A perfect combination for the most 


exacting in any ferrous field 


A quality long demanded by 
AGGRESSIVE GRAY IRON 
FOUNDRYMEN 


Jisco Silvery Iron has a low carbon con- 
tent (see graph No. 1) and has a melting 
point (see graph No. 2) in the range 
of other melting stock. This combination 
fosters Uniform Iron of Low Carbon 


Content from the cupola. 
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HAUSFELD 
FURNACES 


FOR ALL-OUT propuction 


IN NON-FERROUS FOUNDRIES 


Provide the 
Utmost in Speed 
Production 
and Safety 


* 


FURNACES FOR 
BRASS «© ALUMINUM * MAGNESIUM 
AND ALL OTHER 
NON-FERROUS ALLOYS 


The Campbell -Hausfeld Co. 


200-220 MOORE ST. HARRISON, OHIO 


Requirements are severe, as often there 
are 150 ladle openings in an 80-ton heat 
that requires 1 hr. and 30 min. to pour, 
Refractory parts are subjected to-high tem. 
perature, erosion of flowing metal under a 
ferrostatic head, and repeated openings and 
closings. 

If the nozzle is sufficiently hard and re. 
fractory to withstand the erosion of the 
steel, the stopper head may not seat easily, 
A leak starts and gets worse. The seat of 
the nozzle must be soft enough to permit 
a stopper head to be pressed into it, other- 
wise leakage. The nozzle must not be 
too soft, for erosion will cause a leak. 

If serious difficulty is encountered, an 
entire heat of steel may be lost, there js 
danger of burning the workmen, and mess- 
ing up the place. Expensive patterns and 
other equipment may be damaged or de- 
stroyed. 

Defects, such as scabs, cold-shuts and 
splashes, are encountered frequently as a 
result of faulty pouring technique. All 
mechanical equipment of the ladle must be 
in proper working order. Wearing parts 
should be inspected frequently. The nozzle 
must be placed properly in the ladle. The 
stopper rod and head must be assembled 
carefully and dried properly. 

Allowance must be given for expansion 
when assembling the stopper rod. Setting 
of the stopper-rod assembly must be accu- 
rate. Allowance must be made for the 
ferrostatic swirling action of molten metal 
flowing through a funnel-like orifice. The 
stopper head should be ground to the 
contour of the nozzle. 

Stopper heads are inspected with the 
longer wave length, low power X-rays, us- 
ing a Westinghouse 200 milliampere flu- 
oradex unit. The stopper is placed perpen- 
dicularly in the position of applica 
the rod, on a cassette containing the 
film. A 3-sec. exposure is sufficien 

C. B. Jenni. Foundry, 
Sept. 1944, pp. ¢ 


Fume in Bronze Casting 
Condensed from “Foundry Trade J: 


The belief is still upheld in some quar- 
ters that to produce a sound manganese- 
bronze casting, it is essential that the metal 
should fume well during pouring. A test 
has been made to study the differer if 
any, on the mechanical properties and 
microstructure of several castings of 4 
standard shape in manganese bronze poured 
with varying degrees of zinc fume evolution. 

It was found that over a wide range 
of temperature a sound casting was pfo- 
duced. There was no appreciable difference 
in alpha:beta ratio. The variation, which 
is very slight in ultimate and elongation 
figures, cannot be identified with rise of 
fall in pouring temperatures. 

In short, a casting of given type (wedge 
type test bar cast in green sand) could be 
produced by pouring at 1090 or 890 ©. 
(1990 or 1630 F.) to give the same final 
results. 


—W. G. Mochrie. Foundry Trade J 
Vol. 73, May 25, 1944, pp. 71-72. 
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Alloys , 


erminal lugs must stand up under severe oper- 
iting conditions which means that the castings 
must be right to start with. Several years ago, 
Burndy engineers adopted Lithium treatment as 
positive means of maintaining their well-known 
high standards. 


Before Burndy used Lithium Master Alloy, their 
rejections, after machining, ran over 25% — mainly 
due to porosity. Today, not only have rejections 
been reduced to an average of less than 1%, but 
Burndy standards, at the same time, have actually 
been increased with respect to strength, density 
and conductivity. 


This is not an isolated case. Many others, even 
though their materials need not meet such exacting 
inspection, have found Lithium treatment profit- 
able. Melts of copper, tin bronze and silicon bronze, 


BURNDY euts Rejections to less than 


with 


Pure copper castings for 
Burndy H YLUG Cable Termi- 
nals with barrels machined. 
They weigh 9 pounds apiece, 
must be watertight and have 


maximum conductivity, 


treated with Lithium, yield castings more uni 
formly free from porosity and vas cavities... with 
non-metallic impurities effectively removed... and 
with optimum physical properties...at a small 


fraction of the cost of one reject. 


And this treatment calls for no special equipment, 
no special training, no departure from conven- 
tional foundry practice. Shortly before pouring, 
Lithium metal is simply stirred into the melt in 
the form of a stable master alloy containing a small 
percentage of Lithium combined with other metals 


to match the melt. 


To assist you in investigating this money saving 

treatment, we offer the use of our own casting 

facilities and the services of our technical staff 
without obligation. 


LITHALOYS CORPORATION 


444 MADISON AVENUE, NEW YORK 22, N. Y. 


1944 
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Die Casting * Powder Metallurg 
* Press-Forming, Drawing, Extrua 
ing and Polishing « Hardenin, 

and Malleableizing * C 1 
Heating Furnaces, Refrac or 
Cutting, Hardfacing, Brag 
Pickling, Degreasing ana 
Galvanizing, Metal-S pray 
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Spot Welding Heavy Steel Sections 


Condensed from “Steel” 


The International Harvester Co. is using 
at its Springfield, Ohio, plant the “Temp- 
A-Trol” process for spot welding mild steel 
attachments, ranging in thickness from No. 
19 to No. 3 U.S.S. gage, to medium-carbon, 
medium-alloy steel plate panels. 

This process insures uniformity of welds; 
permits mass production of welds of vast- 
ly higher quality than thought possible 
heretofore; makes possible for the first time 
the complete automatic heat treatment of 
Spot welds in the spot-welding machine; 
allows visual inspection of the welds, as 
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the temper colors developed during the 


heat-treating cycles furnish an accurate in-, 


dex of the physical characteristics of the 
weld: and permits use of relatively untrained 
operators. 

With the new method, a wide range of 
thicknesses of metal can be welded with 
the same setting of the control panel, be- 
cause the controls are actuated by the actual 
temperature of the weld and not by the 
length of time the current has been-flowing 
nor by the total energy input. 

An important factor contributing to the 


success of the process is the refrigeration 
of the electrodes with brine held at zero F. 
This makes possible successful use of @ 
thermocouple imbedded in the electrode; 


gives rapid quenching of the welds; and - 


helps maintain shape of the electrodes even 
at the high welding temperatures, pressures, 
and speeds used. 

The complete cycle in welding the vari- 
ous assemblies consists of preheating, cool- 
ing and forging, welding, cooling and forg- 
ing, refining grain, cooling and forging, 
and tempering. During the cooling periods, 
the pressure on the electrodes is increased 
about 50%. Identical pressures are applied 
to the electrodes for all heating periods. 

The length of the cooling period after 
welding permits a martensitic condition to 
be attained in the weld zorie. No external 
quenching medium is necessary because the 
great temperature differentials between the 
plate and the refrigerated electrodes give 
a quenching rate higher than that of the 
alloy steel used, The same dial that is used 
to control cooling after welding is used to 
control cooling after grain refrnement. 

Operation of the process and machine is 
controlled by an electronic system, actuated 
by an iron-constantan thermocouple. The 
latter is silver-soldered into the lower elec- 
trode so that the silver solder extends right 
up to the surface of the electrode and the 
hot junction occurs just below the surface 
of the electrode. Each heating period is 
also independently adjustable as to rate of 
flow of current. 

Dials calibrated in degrees of temperature 
at the weld control actual functioning of 
the machine. These dials are merely set 
to values corresponding to the consecutive 


temperatures desired for each stage of the 
process. 

Electrodes are made of a standard Group 
II electrode material, which is a « ef- 
base alloy with a hardness of abour 80 
Rockwell B, and an electrical conductivity 


of 80 to 85% that of pure copper. The 
upper electrode is 114 in. in diam. and the 
lower, 214 in. Contact faces are and 
114 in., respectively. Both have centered 
electrode faces. 


—Fred A. Lee. Steel, Vol. 115, Aug. 21, 1944, 
pp. 98-101, 144, 146, 148, 150, 152. 


Corrosion Resistance of Lead Plate 


Condensed from “Monthly Review”, 
American Electroplaters’ Soctety 


The limited used of lead plating follow- 
ing World War I was due principally to 
(1) the lack of published data on the 
desirability of lead coatings, and (2) the 


lack of a satisfactory commercially available 


solution. At the present time, lead is being 
successfully used for corrosion protection 
in place of cadmium and zinc in many 
applications. 

Lead-plated nuts, bolts and washers afe 
satisfactory for ground contacts, since lead 
unlike zinc does not become coated with 
insulating corrosion products. Lead-plated 
springs are not embrittled as much as those 
plated with zinc in a cyanide bath. 
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Eli Whitney, inventor of the cotton gin in 1793, was 


- 


the pioneer of the machine age in America; until 
then, hand tools were the principal means of manu- 
facture. Mass production, work distribution, and parts 


standardization, were the results of his ingenuity. 


Although modern industry looks with pride to the 
great and efficient machines along the assembly line, 


they are in fact the outgrowth of the principles con- 


ceived by Eli Whitney. 





a : THE ELECTRO-ALLOYS COMPANY 
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it Takes the Best to Make the Best 


Drepare 


for Post-War Production 


with R-S Continuous Furnaces 


nexcelled eng!- 
pn ability 10 
the production of 
heat-treate 
heavy artillery 
shells is exempli- 
fied by this auto- 


matic, gas-fire 
R-S_ installation. 
The shells are 
pushed through 
the hardening 
furnaces in S1x 
parallel convey- 
ing tubes. 


Shells are 
quenched jntern- 
ally and extern 
ally, then leave 
the quench tanks 
on continuous 
conveyors. 


The draw furnaces, 
through which the 
shells move of al- 
loy chains. The re- 
sult is uniform 
heat-treatment and 
low cost produc- 
tion. 





FURNACE DIVISION 


R-S PRODUCTS CORPORATION 


4522 Germantown Ave. . Philadelphia 44, Pa. 
Ae 


st maCeS Of Distinctio™ 


Ss A 


“—s PLATE AND ANGLE HEATING 
ANNEALING CONVECTION CAR HEARTH ROTARY HEARTH 
METAL MELTING 








CONTINUOUS CONVEYOR SALT BATH FORGING 


Guy War Goude 
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The lead fluoborate type of plating bath 
is the most satisfactory developed to date. 
The difficulties and hazards involved ip 
preparing this bath from hydrofluoric and 
boric acids and basic lead carbonate are 
eliminated by using lead fluoborate soly. 
tion concentrates recently available com. 
mercially. 

Lead coatings protect steel from cop. 
rosion in the salt spray test the follow; 
periods: 0.0001 in., 18 to 30 hr.; 0.00025 
in., 25 hr.; 0.0005 in., 50 hr.; 0.001 in, 
100 to 200 hr. In outdoor exposure tests 
at Woolwich, England, 0.001 in. of lead 
on steel showed a few rust spots after 6 
mo., but after 3 yr. showed no rust, pores 
formed earlier having apparently sealed 
with corrosion products. 

Exposure tests with galvanic couples in 
marine, industrial and desert atmospheres 


show that lead is more anodic to iron than — 


either nickel or copper and, therefore, pro- 
vides greater protection. It compares fay. 
orably with zinc in sea coast areas, but is 
inferior to zinc in industrial, rural and 
desert areas. 

Lead-plated steel should not come jp 
contact with aluminum or zinc. Lead 
does not accelerate the corrosion of copper, 
nickel, iron or tin. In all except strictly 


industrial atmospheres, these metals are 
protected by lead. 

Reported advantages of copp« slate 
under lead were not confirmed the 
author. The same corrosion protection was 


given by 0.001 in. of lead as by 0.0005 in. 
of copper plus 0.0005 in. of lead. When 
a lead-plated part is to be soldered, a 
copper, or better still, tin plate under the 
lead is helpful, since lead on melting does 
not wet steel, but does wet copper or tin. 


Lead-coated steel sheet can be spo:-weld- 
ed to steel, but not to another lea ated 
sheet. 

—John F. Beall. M< im. 
Electroplaters’ Soc., 31, 
Aug. 1944, py 723. 


Quenching Media 


Condensed from “Edgar Allen N 


There are about 32 classified quenching 
media, all differing in their effect on the 
cooling rate, and about 26 types of dif- 


ferent substances whose cooling powers 
have been carefully calculated. The more 
drastic quenches are required for steels 


of limited hardenability, the shallow-hard- 
ening steels, usually of unalloyed carbon 
type. 

The commonest, cheapest, and simplest 
medium is water, and the next is brine. 
They have a high cooling rate (982 C per 
sec.), that is very close to the minimum 
rate necessary for plain carbon steels. Be- 
cause this high rate tends to set up severe 
internal stresses, with consequent dangef 
of distortion, the brine- or water-harden- 
ing steels cannot safely be used where 
warpage must be avoided. 

Oil, with its slower cooling rate, reduces 
the danger of warpage. Oil-hardening 
steels contain suitable alloying elements, 
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CLEANING AND RUST INHIBITING IN ONE OPERATION 


with PENNSALT CLEANER EC-10° 


Reg. U. S. Pat. Off. 


Pri is “blitz cans” for welding presents a 
toue leaning problem. Oil and grease must be 


removed, and the surface must be capable of 
receiving an even weld without rust from the 
coolant water used on the welding machine. 
Penn Salt’s technical staff helped this manu- 


facturer of “blitz cans”’ solve the problem. 


A concentration of one part Pennsalt Cleaner 
EC-10 to 100 parts of water was used in a spray 
washing machine. This produced a very clean 
part with sufficient rust protection to last until 


the subsequent operation. So satisfactory was 


the result. that Pennsalt Cleaner EC-10 was 


promptly re-ordered. 


How about your cleaning problem? Penn Salt’s 
technical staff is at your service without obli- 
gation. Acid, Alkaline and Solvent-Type Penn- 
salt Cleaners are noted for their ability to solve 
difficult problems quickly, effectively, econom- 
ically. Write fully to our Special Chemicals 


Division, Dept. MA. 


SPECIAL CHEMICALS DIVISION PRODUCTS 


Acid-Proof Cements * Alkali-Proof Cements * Lead Fluo- 
borate Concentrates * Fluoboric Acid + Acid, Alkali and 
Solvent Emulsion Type Cleaners * Paint Strippers. 


SPECIAL CHEMICALS DIVISION 


PENNSYLVANIA SALT 
MAN 


F TURING C 


PANY 


1000 W!DENER BUILDING, PHILADELPHIA 7, PA. 


New York * Chicago * St. Louis « Pittsburgh « Minneapolis « Wyandotte 
Tacoma « Cincinnati 
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WAR PRODUCTION CANT WAIT 
FOR AMMONIA! 




































Now, more than ever, delivery dates must 
be met. For the metals you heat treat today 
are tools to Victory. Here, Anhydrous 
Ammonia takes an important part...a part 
that must be played promptly. 

Armour can give you fast delivery from 
one of the factories or many stock points 
right in your city or near you. Shipment can be 
made the same day your order is received. 

A veteran technical staff with wide experience in 
the metal treating field offers Armour customers 
unmatched technical service. They're well equipped 
to solve problems and answer questions in connec- 
tion with ammonia and its uses—to assist ammonia 
users, both on their original ammonia consuming 
installations aud in their present set-ups. 





In Nitriding, Dry Cyaniding, Dissociation and other 
applications, Armour’s Anhydrous Ammonia is being 
widely used. It’s pure and dry, which means a Dew 
Point of —60° F. 

Despite the shortage of bottle-type containers, 
we're still shipping them. Or if you prefer, your 
order will be filled in standard tube-type cylinders. 
100 and 150 Ib. sizes are available in either type, 
For speed, for service, for help with your ammonia 
problems, call Armour today! 


ARMOUR AMMONIA WORKS 


Division of Armour and Company 


1355 WEST 31ST STREET, CHICAGO 39, ILL. 
~~ 120 BROADWAY, NEW YORK 5, N.Y. 








ARMOUR AMMONIA WORKS 
1355 West 31st Street, Chicago 9, Ill. 

For free descriptive circular on the proper method of 
handling and hooking up Anhydrous Ammonia Cylinders, 
please clip and mail this coupon. 
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and so, in general, are more expensiye 
than the plain carbon steels. 

Whenever oil quenches with too much 
distortion, air may be used. Since eve 
more of the alloying elements must be 
used in these air-hardening steels, they 
are usually higher in cost than the other 
types. 

Other quenching media include liquid 
metals, and special salt solutions roughly 
intermediate between oil and water jp 
cooling rates. 

The action of the media is additionally 
affected by their’ temperatures at the time 
of quenching, and their cooling volume 
velocities, as well as the volume of the 
quenching tank, original temperature of 
the steel, and manner in which steel jg 
quenched. 

Four specific properties determine the 
quenching power of any medium: (1) 
thermal conductivity; (2) viscosity; (3) 
specific heat; and (4) the temperature 
at which it vaporizes or gasifies. As thermal 
conductivity is lower in the vaporized 
medium than in the liquid, those quench- 
ing substances liable to vaporize 


e.8. 
those containing water) should be all 
as cool as possible. 

Introduction of calcium chlor or 
sodium hydroxide into aqueous solutions 
minimizes vaporization. Upon the other 
hand, soap has a reverse effect. The per- 
centage of salt added to make up a quench- 
ing medium should be closely controlled, 


and usually will not be in excess of 10%, 


In the case of oil, the cooling ‘ate of 
the vapor at the vaporization stage is :ather 
higher than that of the liquid, so vapor- 
ization is not so serious. While 1eous 
solutions are used cool, oil is pre‘ecrably 
used warmed, at about 45 to 50 C 

Qualities desirable in oil in tion 
to the general characteristics gi. are: 
(1) minimum carbon content, an 1ere- 
fore the likelihood of less sedimen:ation; 
(2) low water content, to avoid non- 
uniform cooling action; and ( low 
content of certain fatty oils, which have 
unpleasant odors when hot, and also tend 
to decompose. 

—Edwin Gregory & Eric N. Simons. Edgar Allen 

News, Vol. 23, July 1944, pp )1-303. 


Multi-Arc Welding of Aluminum 


Condensed from a Paper of the 
American Welding Society 


The welding process known as multi-arc 
was developed by the Materials Department 
of Curtiss-Wright Research Laboratory im 
Buffalo. The essentials of the process afe 
the use of two sources of current, one a, 
the other a.c. or d.c., the first supplying 4 
twin-carbon torch, the second a_heavily- 
coated metallic electrode. 

The twin carbon torch is held in the 
right hand so that the carbons are im @ 
plane at 30° to the vertical, and are moved 
along the joint with the joint midway be- 
tween the points of the carbons and about 
Y in. below them. The metallic electrode 
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SPOT WELDING? SEAM WELDING ? 


Here’s a NEW Method of Keeping Weld 


Current Constant. . 
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FLEXIBLE 


IMPROVES WELD 


QUALITY 






‘| [S new current-regulating com- 


pensator will automatically correct for 
line-voltage variations and power fac- 
tor, or impedance, changes, and will do 
it within three cycles. It will hold the 
current within plus or minus 2 per cent 
of normal, where changes would cause 
the unregulated current to vary as much 


as plus or minus 20 per cent. 


You Get These 5 Other Advantages, Too 
l. Flexibility of Operation—The same 
control settings can be used, and con- 
sistent results can be obtained when: 
(a) using a press-type spot welder; 
b) using a gun welder connected to the 
same welding transformer; or (c) weld- 
ing magnetic materials with a press- or 
gun-type welder with the material in or 
out of the throat of the welding machine. 


In this application, the G-E current-regulating compensator 
enables the operator to use the press and gun welder inter- 
changeably, when welding materials of the same thickness, 
without making any additional adjustments—even though the 
resistance of the portable secondary cable for the gun welder 
is appreciably greater than the resistance of the secondary 
circuit of the press welder. 


. AUTOMATICALLY 















G-E CURRENT-REGULATING COMPENSATOR 


2. Improved Quality—Without the 
use of this control, the introduction of 
material in the throat of the welder 
would cause unsatisfactory welds be- 
cause of the changes in welding current. 
It would do so in many applications, 
such as in the welding of barrels, pro- 
peller blades, or large steel assemblies. 


3. Seldom Needs Adjusiment-—After 
the operator has once determined the 
proper settings for an operation, no 
further adjustments are necessary—the 
current-regulating compensator takes 
care of variations. 


4. Electronic—Electronic tubes and 
circuits insure fast operation, good re- 
sults, long service, law maintenance. 
5. Correlated Design—This_ current- 


regulating compensator is designed for 


GENERAL “%& ELECTRIC 
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use only with G-F resistance-welding 
controls which include heat control by 
the phase-shift method. Complete inter- 
connection diagrams are supplied to 
assist in installing this equipment. 


Want More Information? 

Bulletin GEA-4220, well-illustrated, 
describes all the features that make this 
new current-regulating compensator the 
solution of many resistance-welding 
problems. Ask our local office for a copy 
today. General Electric Company, 
Schenectady 5, N. Y. 


Buy all the BONDS you can— 
and keep all you buy 





RESISTANCE-WELDING 
CONTROL 
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WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT 


PANGBORN CORPORATION - HAGERSTOWN, MD. 
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“re 
FACTS 


PEACE products, like war products, will require a lot of blast clean- 
ing. Because of priorities, equipment for this blast cleaning can be 
delivered only after VG day. Based on actual experience, here are 
four FACTS showing why some concerns are assured of the shortest 
possible reconversion delay. 








FACT I Today, a priority is issued only for the actual needs of 
war preparation. 


FACT After VG day, the manufacturers first in operation will 
get headstarts on competition. 


FACT Manufacturers who wait until VG day to place orders 
for blast cleaning—or any other equipment—will have to 
wait their turn for deliveries. With heavy demand a 
surety—this waiting could easily hamstring the most 
carefully prepared post war program. 


Therefore—PLACE YOUR ORDERS NOW. Equipment 
will not be delivered of course, but as soon as your 
orders are “on the books” you benefit by being in line 
for earliest deliveries. You avoid delay—and possible 
serious financial loss—by PLACING YOUR ORDERS 
NOW. 


A headstart is better than a headache. We have already received 
orders from concerns for delivery after VG day. Why don’t you make 
your post war plans fool proof by getting 
in the delivery line now. For data—or 
literature—or a visit from one of our 
district engineers— 


“COME TO PANGBORN” 














is held in the left hand and directly over 
the seam, in contact with the surface of the 
work. 

During welding, the twin carbons and 
the metallic electrode are kept about 3/16 
in. apart. Arcing takes place between the 
metallic electrode and the carbons, from one 
carbon to the other, from the metallic elec. 
trode to the work, and from one carbon to 
the work. The five individual arcs function 
as one. Immediate fusion of the metallic 
rod deposit and the parent metal results, 
with a weld uniform in quality and free 
from porosity. 

The current supply for any one circuit 
is not sufficient to produce welding by it. 
self. Because of the ionization produced by 
the carbon arc flame, a constant, smooth 
arc is maintained. Control of heat has been 
such that it has been possible to weld 0.016. 
in. 24ST Alclad aluminum alloy without 
a backing strip. While reverse polarity is 
preferred for welding aluminum, straight 
polarity may be used. 

With the multi-arc welding process large 
amounts of heat can be delivered in con- 
centrated form to the surface of the material 
being welded, while maintaining perfect 
control. The process permits the work to be 
preheated and the weld postheated, so that 


gases and impurities may escape to the 
surface of the metal. This evolvement of 
gases sometimes causes a surface r ness 
of the weld metal, but V-ray stu ave 
shown the weld to be sound. 
M. R. Rivenburgh & C. W. Stewa aper, 
dm. Welding Soc., Oct. 16-19, 1944 eting. 


Coloration of Stainless Steels 


Condensed from “Metal Finis/ 


A black oxide film cannot be produced 
on stainless steel with the alkaline type 
of solution used for the blackening of 
ordinary steels. A solution that produces 
satisfactory films contains about 50% sul- 


furic acid, with small amounts of etch-in- 
hibitor or a supplemental oxidizing agent. 
Etch-inhibitors may be taken from the van- 
adates, metavanadates, vanadic acid, of 
chromium salts of sodium and potassium. 
Chromium salts, in addition to being effec- 
tive inhibitors, also serve as supplemental 
oxidizing agents. 

The solution is operated at a temperature 
of from 165 to 210 F. It is essential that 
the tank lining be chemical, tellurium, of 
antimony lead, since the coloring reaction 
is electrolytic, with the tank wall serving 
as the cathode. However, no external cut- 
rent is supplied. 

The operating procedure consists simply 
of immersing the alloy in the solution for 
definite periods of time ranging from about 
19 min. to a maximum of 45 min., depend- 
ing upon the thickness and color of film 
desired. When coloring is completed, the 
work is removed and rinsed with water. 
Processing results in a very small weight 
loss, but not enough to cause appreciable 
dimensional change. The final film, wheo 
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with the 


.. two new P&H elec- 


re they are . 
trodes — which perform equally well on 


either AC or DC! 


lhoroughly proved in a wide variety 
of work, these remarkable new elec- 
trodes deliver an arc that is extremely 
stable, easily controlled and produces 
fine, uniformly strong welds. 


You've waited for this . . . to simplify 
your welding problems —to make your 
electrode buying easier . . . to save time 
; and money. Convince yourself—on your 
own welding jobs — that they are a prac- 


tical answer to better welding at lower 
Costs. 


SEES > 


Bay 
¥ 


Place a trial order today! 


A COMPLETE ARC WELDING SERVICE 


PRODUCTION 
| DC WELDERS AC WELDERS WELDING CONTROL 
5 POSITIONERS SONTROL 








AC and DC WELDING 





am? ELECTRODE! 


_— 


AC-1 (E-6010 and E-6011) 


For AC, and either polarity on DC. ® Tensile strength, 
65,000-70,000 P.S.I. ® Yield, 55,000-60,000 P.S.I. ® Ductility, (2”), 
25% to 35%. ® Available in all sizes— 14” and 18” lengths. 


Conforms to requirements of: U. S. Navy Bureau of Ships 
specifications 46-E-3 Grade 3, Class 1, 2 and 3. ® Hartford 
Steam Boiler and Insurance Company. ® American Bureau 
of Shipping. ® Lloyds Register of Shipping. 


AC-3 (E-6012 and E-6013) 


For AC, and either polarity on DC. ® Tensile strength, 


65,000-70,000 P.S.I. © Yield, 55,000-60,000 PSI. ©® Ductil- 
ity, (2) —18% to 25%. ® Available in all sizes— 14” and 
18” lengths. 


Conforms to requirements of: Hartford Steam Boiler and In- 
surance Company. ® American Bureau of Shipping. ® Lloyds 
Register of Shipping. © Full information and procedures on 


request. 


General Offices: 









4550 West National Ave., Milwaukee 14, Wisconsin 







EGE 
























Canadian Distribution: The Canadian Fairbanks-Morse Co.. Ltd. 
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1944 


CORP TION 
WELDING ELECTRODES + MOTORS - HOISTS ELECTAIC CRANES + ARC WELDERS + EXCAVATORS 
x oe Lee." - x F ha? © 
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AHR Firing Method 
PROVIDES AUTOMATIC 


ombustion Contre!! 


(LEFT) 
MAHR Center 
Fired Rotary 
Hearth Fur- 
nace. One of 
a battery of 
these furnaces 
in the very 
modern _forg- 
ing plant of a 
large midwest- 
ern manufac- 
turer. 


ps (BELOW) 
& MAHR Rotary 
Nosing Fur- 
nace used for 
heating the 
nose of high 
explosive 
shells. Contin- 
uous, high pro- 
duction is 
characteristic 
of this center 
fired rotary. In 
this furnace, 
however, the 




















































entire furnace 


rotates. 





Reduces Decarb 
and Oxidation 


It isn’t alone because MAHR uses 
the best materials, and our workmen 
have been building better furnaces 
for thirty years; it isn’t alone be- 
cause we pioneered the rotary hearth 
furnace that users find such a radical 
difference in the quality of forging 
billets heated in the MAHR center 


fired rotary. 


It’s the METHOD OF FIRING 


perfected by our engineers in this —“—— * ) 
and other MAHR haat es that ac- | — aie 






counts for the low percentage of A modern MAHR Slot Type Stationary Forg- 

. : . ing Furnace. Fires toward and with arch 
decarb and oxidation. Only in the from both sides. Illustrated and described in 
MAHR center fired rotary is com- Bulletin No. 210. 


bustion so nearly complete and harmful gases so thoroughly 
consumed before reaching the billets. That’s because the 
flame goes directly upward to the arch, wipes the arch, 
then flows downward over the entire hearth area in a 
continuous, uniform volume nearly devoid of harmful 
effects. Burner adjustment is simple, because there is 
only one burner. a 
Ask for Bulletin No. 1000 on MAHR center fired Rotary Hearth 
Furnaces, or Bulletin No. 210 about other MAHR Forging Furnaces. 
CAR BOTTOM, CONTINUOUS, BATCH, POT, BELL TYPES—DIRECT 
FIRED OR RECIRCULATING—OIL, GAS, OR ELECTRIC—A FURNACE 


FOR EVERY HEAT TREATING OPERATION—TORCHES, RIVET HEATERS, 
BURNERS, BLOWERS, FANS, VALVES. ASK FOR BULLETINS. 


MAHR MANUFACTURING CO. 


DIVISION OF DIAMOND IRON WORKS, INC. 
1701 NORTH 2nd ST. MINNEAPOLIS 11, MINN. 
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no further action takes place, is about 
0.0001 in. thick. 

Steels with 7 to 22% Cr. give colors 
ranging from gray to deep chocolate. Alloys 
containing nickel in addition to chromium 
produce a still wider range of colors, ip. 
cluding the above plus maroons, brass. 
golds and bronzes, with an end color 
approximating chrome green. Alloys con- 
taining small amounts of vanadium, tung. 
sten or molybdenum produce vivid reds, 
blues, off-shade violet, and brown- yellow, 

The films do not chip, peel, or craze 
and have high ductility, but do not have 
much abrasion resistance. If desirable, their 
abrasion resistance can be increased about 
five fold by heating for 2 to 3 min. @ 
800 to 1700 F. Heating produces a slight 
loss of color. 

The same solution used for coloring 
may, by introduction of an external cur. 
rent supply, be used for anodic cleaning, 
electrograining (etching), electropolishing, 
precision electro-etching of designs from 
lithographic ‘“‘resist” printing, and electro. 
lytic pickling. 

The solution is easy to maintain and 
processing costs are low. All phases of the 
process are covered by patents issued of 
pending. 


Clements Batcheller. Metal shing, 
Vol. 42, Aug. 1944, pr 16-469 


Copper Brazing in Production 


Condensed from 
“Automotive and Aviation Indu 


The conveyorized copper brazing method 
is in sharp contrast to the extended trans- 
portation time element in welding processes. 


In this method, parts are assembled by 
unskilled labor, placed on the conveyor belt, 
and, after moving steadily through the 
process, they come off the other end clean 
and ready for plating. 

With the melting point of copper about 
1950 F., a temperature of 2050 to 2100 F. 
is used for brazing. This temperature, be- 
cause it exceeds the heat treating tempefa- 
ture of low alloy steels, permits a heat 


| treating operation after brazing. 


To insure best results, controlled atmos- 
pheres consisting of charcoal generator gas, 
pure hydrogen, partially burned fuel gas, 
or a combination of the three, is used. The 
small Hoskins unit uses bottled hydrogen 
as a furnace atmosphere. To remove water 
vapor from bottled gas, a silica jell dehy- 
drating unit is installed. 

The General Electric furnace utilizes an 
atmosphere of partially burned fuel gas 


| cooled to room temperature to remove 





water vapor. Carbon dioxide and oxygen 
are removed by passing gases through 4 
retort containing charcoal. 

At approximately 2000 F. reactions afe 
complete and the carbon dioxide and water 
are reduced to small fractions of 1%. Heat 
is lost, and it is therefore necessary to @& 
heat continuously to the carbon to maif- 
tain correct atmosphere. 
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WHAT YOU CAN SAVE WITH FREE-FLOWING 


_ Phos-Copper brazing alloy... 





Brazing an electric motor rotor with Phos-Copper. This 
e-flowing brazing alloy produces joints of high electrical 
ductivity and corrosion resistance, and is stronger than 


® silver solder. 


Brazing generator rotor with Phos-Copper in a British 


plant. No jig is needed in tang brazing, and joints are 
heated and cooled under pressure, insuring strongest joints 


vith lowest amounts of brazing alloy. 


Westi 


PLANTS IN 25 CITIES... 
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Phos-Copper brazing makes possible new economies 
in manufacturing, maintenance and installation work. 
It has a wide range of applications in every industry, 
replacing expensive machining or silver soldering. Look 
what you can save by using this strong, free-flowing 
brazing alloy... 


SAWE man power and machines... 


Phos-Copper eliminates’ pre-tinning and finishing 
joints. No complicated jigs or fixtures are needed for 
most Phos-Copper brazing, and machining is not neces 
sary. One manufacturer saved 1520 man-hours on a 
2400 motor contract and freed machine tools for other 
work by switching from a sluggish brazing alloy to 
Phos-Copper, which flows freely at 1382° F. 


SAWE critical materials... 


Phos-Copper saves critically scarce tin by replacing 
soldering and doing a better job at lower cost. A motor 
manufacturer saved 3750 pounds of tin on one contract 
by switching from soldering to Phos-Copper brazing 
for joining complete stator leads . . . and the cost was 
less than 25% of the solder previously used. 


money... 


Phos-Copper is low in cost and requires no flux on 
ordinary copper brazing. Its exceptional fluidity enables 
it to penetrate joints rapidly . . . little or no finishing is 
required. It has saved thousands of dollars for ‘manu 
facturers in replacing expensive silver solder and high 
temperature alloys. 


PHOS-COPPER has many other advantages... 


Phos-Copper offers many production advantages: uni 
formity, low flow point, excellent penetration, corrosion 
resistance and high electrical conductivity across the 
joint. Tests have shown Phos-Copper to have greater 
fatigue strength and vibration resistance than 20% 
silver solder. 

All types of brazing techniques can be used with 
Phos-Copper . . . gas, incandescent carbon, electric 
furnace, salt or metal bath and induction heating. It is 
available in rod, ribbon or special shapes for immediate 
delivery. Ask your nearest Westinghouse office for com- 
plete information. Or write Westinghouse Electric & 
Manufacturing Co., P. O. Box 868, Pittsburgh 30, Pa. 


J-90543 
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MACHINE TQOL COOLANT 
FILTRATION] EQUIPMENT 





kk @oe 


A smaller mainte- 
nance crew can ser- 
vice a larger number 
of machine tools 
when Hoffman cool- 
ant conditioners are 
on the job. Hoffman 
filters continuously 
deliver waste solids 
in dry form for easy 
disposal. 






COOLANT.FILTERS > 
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MONEY... 


Hoffman filters for 
recirculated ma- 
chine tool coolant 
effect large savings 
in maintenance, in 
coolant replace- 
ment, in longer life 
for machines, cut- 
ting tools and grind- 
ing wheels, and in 
fewer rejects. 


aD) 


MINUTES 


"Round-the-clock 
operation becomes a 
reality. Hoffman fil- 
ters eliminate shut- 
downs for sump 
cleaning, add more 
productive time to 
grinding machine 
operation, frequent- 
ly permit faster 
operating speeds. 


» SEND FOR LITERATURE 
U.S. HOFFMAN 


FILTRATION. ENGINEERING SERVICE 


MACH NE 
A 


I ie | 
Belt iy TIiON 
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The surface to be brazed must be clean 
and free from foreign metals that would 
interfere with producing a proper brazed 
joint. Plated parts must be stripped before 
brazing. 

In order to insure capillary action, faying 
surfaces must not be highly polished, and 
there should be good metal to metal con- 
tact. Therefore, final cleaning consists of 
pickling and sandblasting. 

The best design for copper brazing is a 
telescopic joint employing a diametrical 
clearance of 0.001 to 0.003 in. per in. of 
diam. One basic reason for a tight fit is 
that the shear strength of copper is 20,000 
p.s.i—the tightef the fit the higher the 
shear strength. . 

Although it is possible to use a brazing 
alloy having a melting point above the nor- 
malizing temperature of SAE 4130 steel, 
it is much better to braze with pure copper 
and reheat for normalizing or heat treat- 
ment to a higher tensile strength. Brazing 
alloys melting at lower temperatures than 
copper are not satisfactory. 

Penetration of copper through the joint 
is effected by capillary action. At 2000 F,, 
copper has the wetting action of alcohol. 


It is mecessary only to place the proper 
amount of copper near the joint and, if 
parts have been cleaned properly, per 
will be attracted through the joint 1X 


is required for high zinc or tin alloy 


C. L. Hibert. Automotive & yn 
Inds., Vol. 91, Aug. 944, 
pp. 32-35, 67-68, 70, 7 78. 


Tin in Die Casting 


Condensed trom “Dt Casti 
The earliest alloys used extensi in 
commercial die casting were those based 
on tin, though the placing of tin the 
critical list limited its use. Advantages are 


that they are high in corrosion resistance, 
can be cast at low temperatures, have ex- 


cellent bearing properties, high dimensional 
stability, and ability to take a high luster 
without plating and for long duration. Ex- 


cellent castability in a plunger machine 
and indefinite die life are also favorable. 

The cost per pound is the highest of any 
die casting alloy except brass containing 
beryllium, and physical properties are about 
the lowest, including low strength undef 
all headings, low ductility and low hard- 
ness, and a tendency to cold flow. 

There are now two important uses: (1) 
In very small parts, as in counter and num- 
parts wherein 


ber wheels or instrument 


the closest as-cast limits are essential, and 
where corrosion resistance to inks is needed; 
(2) in parts that come into contact with 
foods and beverages, where high corrosion 
resistance and non-toxic properties afe 
essential. Less important uses are for the 
cheap jewelry trade because of high luster, 
appearance and corrosion resistance. 

Since zinc alloys cannot tolerate tin im- 
purities above 0.005% max., it is not safe 
to have any tin in a department making 
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It ves as either a pot or crucible furnace 
for your laboratory 


A lrop of a pair of tongs this versatile vertical laboratory 
fi e is ready to go to work for you. As a pot furnace use 
it for salt or lead bath immersion tempering, hardening and 
annealing; cyaniding and aluminum sample heat-treating. 
| As a crucible furnace it is equally proficient for thermocouple 

calibrations, determining critical points of steel, melting base 





| metals and many other operations calling for temperatures 
f ; up to 2000° F. 

: Compact, well-designed, its heavy metal shell encases a 
well-insulated working chamber, and houses a built-in trans- 








Other advanced-type laboratory furnaces shown are 
the Combustion Tube Furnace, the Box Type Furnace 
and the Lindberg Hot Plate. Your laboratory equipment 














y former, relay and easily accessible terminal board. Its nickel- dealer will gladly give you full information about any 

g | chromium heating element of one-piece heavy rod type is or all of these laboratory units. Call him today. 

it F self-supporting and is easily removed and replaced. 

f rc . ° 

‘a. Temperatures are precisely and economically regulated by Lindberg furnaces will be displayed by laboratory equipment deal- 


é a combination temperature indicating Pyrometer and Input ers at the Chemical Exposition in the Coliseum at Chicago from 
A Control. Built for 115 or 230 volt, 60 cycle service, the Lindberg November 15th through the 19th. 
. Pot Crucible Furnace is completely assembled, ready for easy 

in 6G installation. Full instructions are included. 


id 
a‘ LINDBERG ENGINEERING COMPANY ‘ SMDBERG 
yn : 2450 WEST HUBBARD STREET + CHICAGO 12, ILLINOIS 











WELL KNOWN THROUGHOUT THE WORLD AS 
ne LEADERS IN DEVELOPING AND MANUFACTURING 
f, INDUSTRIAL HEAT TREATING EQUIPMENT 
T- 
fe SOLD EXCLUSIVELY THROUGH LABORATORY EQUIPMENT DEALERS 
ng 
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PHILLIPS “LPG” FOR 


INDUSTRIAL HEATING 


Phillips Liquefied Petroleum Gases, long recognized as eco- 
nomical and dependable fuels for industrial heating, offer you 
the following advantages: 


Low cost per BTU at your furnace 

terete li bamele(ololielo)(-MoM ole-lat tole Malctelilal: Ml s\-lechilelal: 
Substantially free of impurities 

Provide uniform high-quality furnace performance 
Dependable source of supply 

OT Tey da-vile Me olecloliat lela Mela iitit-ss 


Largest fleet of LPG tank cars and transports 


Years of experience qualify our engineers in every phase of 
Industrial Heating. We're ready to study your problems and 
give you reliable, specific recommendations. We invite you to 
contact our nearest Philgas branch office. There’s no obligation. 


Philges 


iy cape 


PHILLIPS eM COMPANY 


“Bartlesville, Oklahoma 


Branch Offices in NEW YORK, CHICAGO, PHILADELPHIA, DETROIT, ST. LOUIS, 
MILWAUKEE, SHREVEPORT, LA., AMARILLO, TEX., HIBBING, MINN. 


The World's Largest Marketer of Liquefied Petroleum Gas 
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zinc die castings. Hence, tin die castings 
are made in a separate plant. Dimensional! 
limits on tin die castings can be held within 
slight variance because the metal casts at 
low temperature and shrinks very little ip 
cooling. 

There are three common types of die 
cast tin alloys, listed as babbitts, covered by 
A.S.T.M. specifications. No. 1 makes a high 
class bearing, though rather soft; No. 2 js 
harder resistant to tarnishing, and used 
where in contact with food; No. 3 has 
18% Pb content, resulting in lower cost, 
but its tensile strength is relatively low, 
and it cannot be used with food. 

Tin alloys are low in tensile strength 
and in elongation, being inferior to lead 
alloys, but this is minor for most applica- 
tions. The melting point is low, 400 to 
440 F., with casting temperature of 700 
to 760 F., or not much lower than for zinc 


alloys. 
-Die Casting, Vol. 2, Aug. 1944, 
pp. 47.49, 


High-Speed Tapping 
Condensed from “Modern Machine Shop” 


Pressure of war production -has brought 
radical changes in the design of tapping 
machines, greatly increasing speed and 
quality in light manufacturing operations. 


The application of individual motor drive 
was followed by speed changes for <iffer- 
ent diameters of taps, ball bearin me- 
thods of lubricating, disposal of chip Lilt- 
in air control for automatically k ing 
and raising the spindle, and ad ible 
counterbalance for the spindle chuck and 
accessories, an automatic valve, controlling 
the tapping speeds “in” and “out,” and a 


foot pedal with which the operator can 
start or stop the tapping cycles. 

One tapping machine has a cone shapea 
friction clutch with three shoes of leather 
inside the cups to provide for expansion, 
contraction and long wear. In others the 
tap is controlled with a vertical lead screw, 
which can be exchanged for gne that cor- 
responds to the number of threads per in. 
to be tapped. The new machines also make 
possible the use of high-speed steel taps 
that are precision ground. 

A good grade of lard oil is the best 
lubricant. It is expensive, and a mineral 
oil with a lard base may be substituted at 
times. Machine oils should never be used. 
Coolants are not necessary. 

In tapping parts for rifles, a Haskins ait- 
controlled tapping machine uses a two- 
fluted gun tap secured in the chuck. The 
tap is spiral pointed, but when two flutes 
are used it is called a “gun tap” or a “chip 
driver tap”. The angle on the point drives 
the cuttings ahead, and when the tap is 
withdrawn, removes them from the hole. 
The work piece fits into a slot so that it 
does not turn with the tap. 


(Continued on page 1396) 
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RESISTANCE WELDING 




































at athe ‘ ‘3 a 
2 } Ad wie ) 
d TORED ENERGY } 
S. 
ve First introduced in 1939... electro-magnetic. 
we | Stored Energy principle: found gies oan 
. | o in the aircraft industry. Special Preheating 
“f L ct 1t, together with the Dynatrol arcless current 
in uptor are employed .; . the most efficient 
z process for welding light alloys. 
le L 
1d 
ng f 
: ESISTANCE WELDING... the fusion of metals by 
on Gl VARIABLE PRESSURE ) ) 
? ; . resistance to the passage of an electrical current 
ea An automatic pressure cycle essential for heavier 
er gouges of aluminum . . . metal is precompressed, ... has come a long way since Professor Elihu 
a then pressure reduced during weld, followed by si ‘ 4 
rus forging pressure after the passage of current... Chompson patented the first spot welder in 1886. 
, accounts for metallurgically sound welds. Cycle ine thon dacten and nerf ance have bee 
W, also used for fevging et eat:-mbebbues for steal. Since then design and performance have been 
Or- . . . . . 
. steadily improved, and particularly in the past five 
ike ; years, developments have encouraged recognition 
aps firat TO WELD . . me 
of resistance welding as a major fabricating tool. 
SCALY STEEL . Dia 
est Sciaky has made notable contributions to this 
ral An exclusive Sciaky process for the welding of \ a 
- scaly and rusty steels... produces welds equal in development. Through constant research... 
ed. consistency, uniformity and structure to those usu- rs salt ail —_ mt = 
ally produced on clean pickled steels. Results in refinements of weld quality, machine design anc 
»| 7 7. > . - . . 
air- exceliont tip life .. . permits comparatively rapid power efficiency have brought about wide acceptance 
welding times for heavy stock. 
ma of Sciaky welders. Consult us on your 
 F , 
tes firat WITH “3 PHASE- resistance welding problem. 
hip SINGLE PHASE” BALANCED 
ives | 
re 5 Powrr SSeiaky GE SRos. 
: . . + a ee eee 
ms This revolutionary achievement in power efficiency 


: utilizes all three phases of the supply . . . results ° i 

cn in perfectly hntomeatl load at i “ental power 4915 West 67th Street, Chicago 38, Illinois 
factor, and decreased actual power demand. Re- 
duces power installation and operating costs .. . R ives in Principal Citi 
Provides ideal welding current for heavy gauges epranreniinres ta rrincigant Cities 

of steel. In England: Sciaky Electric Welding Machines, Ltd., London 


Offices in Los Angeles, Detroit, Cleveland and Washington 
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ARRETT Standard Anhydrous 
a Ammonia (R Grade) is made by 
combining Nitrogen with Hydrogen. 
Both gases are freed from impurities 
before combining; consequently, 
the highest purity possible is ob- 
tained. Before shipment it passes 
rigid tests for moisture, non- 
condensable gases and other im- 


purities. Barrett’s standard of 


purity and service make 
Barrett Standard Anhydrous 
Ammonia your best source 
of NH3. Barrett Standard 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET, 


Pree ¢ An interesting and helpful booklet, 


Ammonia, will be mailed to you free on request. 





An example of tapping parts for aircraft 
is found in the use of a two fluted gun tap 


for a “through hole” 4-in. deep. The 
BAR RETT STAN DARD tapping r.p.m. are 1250 and for backing 


out, 2500 r.p.m. This is high-speed tapping, 
producing 1200 pieces per hr. A swinging 
leaf fixture holds the work. 

A right-angled vertical post tapping fix. 
ture designed with a cast iron sliding base 
for loading and unloading the work js 
illustrated as retapping a 9/16-in.—32 spe. 
cial thread in a steel gas cylinder used in 
| rifles. Another efficient clamping fixture 

holds round work. It is an air-controlled 

vise that clamps and releases the work 

automatically by lowering and raising the 

spindle of the machine. The clamps are 

removable so that the jaws can be éxchanged 

for others suitable for different sizes and 
| shapes of work. 

There is also a special dial-feed fixture 
for tapping 2500 holes per hr. in lower 
clamp plates. It holds two pieces of semi- 
circular work, and both feed and return are 


controlled by air. 
C. W. Hinman. Modern Machi »p, 
Vol. 17, Sept. 1944, PT 66. 
168, 170, 172, 174, 176, 178 





Anhydrous Ammonia is packed 
in 25, 50, 100 and 150-pound stand- 
ard-type cylinders and in 100 and 
150-pound bottle-type cylinders; 
and in tank cars with a capacity of 
26 tons NH3. Stocks of cylinders 
are maintained at various ware- | Plugging Blowholes by Weld: 
houses throughout the United States Condensed from “Welding Engi 
and immediate shipment can be 


The “nervous weld’ process is ew 
made. 
method developed by the Metalli 
The advice and help of of America to plug blowholes or se 
Barrett technical service add metal to salvage castings, part rly 
men are available to you SURES, 
; , [he necessary equipment is al 
for the asking. transformer type welding machin it- 
ing on 110, 220, 440 or 550 \ gle 
phase, a. c.; a pistol using about ‘ tt. 
per min. of compressed air at 40 60 
p.s.i., having ceed rolls and a trig ar- 
rangement for manual feeding of the clec- 
NEW YORK 6, N. Y. trode. An air-cooled nozzle is also pro- 


vided to keep the temperature of the ma- 
terial being welded under 125 F. 


The surface to be repaired is contacted 

rith at. elec similar material. Whil 

packed with useful information about Anhydrous | Ee  smaals auntie ben a 
the plastic stage when the pistol vibrator 

automatically pulls the rod away, leaving 

a “gob” of plastic metal on the surface. 

The recoil of the vibrator pounds and forges 












until the new metal is integral with the old. 
The process differs from metallizing 1 
that a homogeneous bond is formed rather 
than a mechanical bond caused by inter- 
locking particles. A nickel electrode 1s 
used for steel, gray iron, malleable iron; 4 
bronze electrode with low zinc for bronze; 
and an aluminum electrode for aluminum. 
There may be a slight discoloration in the 
first two cases. 
In repairing defective aluminum castings, 
the density of the deposit is within | © 
| 1.5% of that of the cast aluminum. Even 
a photomicrograph fails to reveal ‘the 
boundary. 
Several cases are given where this method 
has saved considerable time and labor: te 
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ao LOCALIZED warveENING 


keeps an 82" diameter accurate within 1/1000" 


ERE is the report on Northern Pump 
Company’s development of the TOCCO- 
hardening of gun training gears: 


The 82” ring gear shown above is TOCCO- 
hardened, one tooth at a time. In just 4 sec- 
onds, high frequency induction brings the 3” 
wide wearing surface of the tooth to 1540° F. 
TOCCO’s integral water-quench then instantly 
cools and hardens it. Handling and tooth in- 
dexing are all automatic. The 103 teeth of the 
gear are TOCCO-hardened in less than 18 min: 
utes... 750% faster than the 214 hrs. required 
by the former method. 


Heating and cooling in this rapid way . 
confined to a small section of the whole part 

. reduces distortion to a negligible amount. 
Variation in the total 82’’ diameter, due to 
hardening, is only + .001” or less. Rejects have 
been eliminated. The wearing surface of every 
tooth is hardened to 45-47 R.C., and the orig- 
inal ductility of the outer ring is retained. 


The uniformity and speed of TOCCO Induc- 
tion Hardening can be a powerful ally of yours 
in tomorrow’s struggle for more saleable prod- 
ucts and lower costs. Enlist a TOCCO Engi- 
neer in your heat-treating planning now. 


THE OHIO CRANKSHAFT COMPANY « Cleveland 1, Ohio 


INDUCTION 


HARDENING. . BRAZING 
ANNEALING. . HEATING 
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Amemcan ELECTRIC Furnace Go, 
Boston MASS 








Model HB1218 High Speed Furnace 
with synchronized atmospheric control. 





For simplified heat treatment 


of high speed steels use 
“AMERICAN” atmospheric control. 


American Electric Furnace Company 


29 Von Hillern St. Boston, Mass., U. S. A. 
Industrial Furnaces for All Purposes 
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pairing worn spots in core boxes, repairing 
pattern fillets, filling blowholes in powder 
loading trays, putting a boss on an alumi- 
num pattern, and filling blowholes in aly. 
minum bombsight castings. In the last 
application, a low temperature zinc alloy 
rod had proven unsatisfactory, since jt 
would not stand up in alumilite plating. 
The castings could be alumilited satisfactor- 
ily when repaired with “nervous welding.” 


—C. B. Clason. Welding Engr., 
Vol. 29, Aug. 1944, pp. 32.33, 


Stress Relief of Low Alloy Steels 


Condensed from a Paper of the 
American Welding Society 


Some trouble has been encountered ijn 
stress-relieving low alloy steel ordnance 
structures, since insufficient data are as yet 
available to determine the effects of time 
and temperature in the process. Expeti- 
ments were made with standard 0.505-in. 


specimens, stressed in a fixture to a value 
slightly above the yield point. Stress relief 
treatments were then made upon specimen 
and fixture and the relaxation measu in 


the cooled specimen. 

Steels used were SAE 4130, NE 30, 
a copper-nickel-phosphorus steel in the 70,- 
000 p.s.i. yield strength class, and two high 
tensile, low alloy steels in the 50,000 ».s.i. 
yield strength class, one a carbon-mang: nese, 


the other a manganese-silicon-chr im 
steel. 

Treatments of one, four, and eight at 
900 F., 1000 F., 1100 F., and 1200 | re 
made for all steels. Graphs made he 
results indicate that no two steel uct 
exactly alike to the treatments. Hi er, 
the high tensile low alloy steels in general 
reacted similarly as did the SAE 413°) and 


NE 8630. 

To reduce residual stresses to values be- 
low 10,000 p.s.i. minimum heat treatments 
were shown to be: For the high tensile low 
alloy steels used, eight hr. at 1000 F. or 
one hr. at 1100 F.; for the copper-nickel- 
phosphorus steel, four hr. at 1100 F., for 
the NE 8630, one hr. at 1100 F.; for the 
SAE 4130, one hr. at 1100 F. or four hr. 
at 1000 F. 

A heat treatment of one hr. at 1200 F. 
reduced residual stresses to 2500 p.s.i. of 
less on all steels except the copper-nickel- 
phosphorus, which required eight hr. at 
1200 F. 

Test results seemed to show that the 
degree of stress relief is affected more by 
temperature than by time at temperature; 
that different steels, when stressed, do not 
react alike to stress relief treatment; that 
the increase in percent stress relief is not 
uniform as temperature or time at tempeéf- 
ature is increased, but that, with few ex 
ceptions, the percent imcrease is greatest 
as temperature is raised from 900 F. t 
1000 F.; and that the effect of time at 
temperature is more pronounced at the 
lower temperatures. 


—Lt.-Col. Paul C. Cunnick & J. KB. 
McDowell. Paper, Am. Welding Soc, 
Oct. 16-19, 1944 meeting. 
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Or iongesi wear 


Whether you buy finished centers or 
carbide tips for making your own, 
you can now obtain immediate ship- 
ments of FIRTHITE from complete 
stocks. Finished FIRTHITE Centers 


are available with three tapers— 
Morse, Jarno, or Brown and Sharpe. 
To secure the maximum resistance to 
wear, or long life, specify FIRTHITE 
Grade T-41—‘tops” for centers. 


STEEL COMPANY 


OFFICES: McKEESPORT, PA. NEW YORK HARTFORD LOS ANGELES CLEVELAND CHICACO PHILADELPHIA PITTSBURGH OAYTON DETROIT 
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Thermal Properties of Plastics 


Condensed from "Product Engineering’’ 


The true thermal properties of a material 
are thermal expansion, thermal conductivity, 
specific heat, and thermal emissivity. Soften- 


ing and distortion points are associated 


properties, and they indicate the basic difter- 


ences between thermoplastic and thermo- 
setting resinous materials. 

In the field of heat resistance, “maximum 
sate continuous operating temperature” is 
an arbitrary value for a given material used 
on a given product. It is that temperature 
at which the material will not become 
blistered or distorted or sustain an appre- 
ciable loss in appearance or mechanical 


strength. 
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The A.S.T.M. test measures the amount 
of deflection of a simple beam under a 
prescribed load. The temperature at which 
the beam deflects 10 mils ‘is known as the 
heat distortion point 

Thermoplastic materials are easily dis- 
torted at temperatures that are inconven- 
iently critical—the temperature of boiling 
water, at which much industrial apparatus 
operates and to which outdoor appliances 
are frequently subjected. Here thermo- 
plastics must be uséd with caution. But 
research may someday improve performance. 

Thermosetting materials readily with- 


stand these temperatures but have similar 


limits that must not be exceeded. Phenolics, 
ureas and melamines do not fail by soften. 
ing, but rather by loss of mechanical 
strength or appearance because of overheat. 
ing of the filler material or the resin itself, 


Plastics in Insulators 


Thermal conductivity must be investi. 
gated in design work when an insulating 
material for refrigerators, wall panels or 
table mats is needed, or a material com. 
fortable to the touch in cold weather, of 
where a cover or base for a heat generating 
assembly must dissipate the heat at a mini- 
mum rate. 

Of particular interest are the expanded 
materials, which have a cellular structure 
that makes them good thermal insulators, 
All plastics are comfortable to the touch, 
compared with metals, because they do not 
conduct heat away from the hand rapidly 
enough to be uncomfortable. 

The thermal expansion of plastics is 2 to 
8 times greater than brass or aluminum and 
up to 15 times greater than steel. Thus, 
plastic-metal assemblies present a problem 


in unequal expansion, resulting in distort- 
ing, cracking or buckling of the plastic, 
Also, plastic items made to close tolerances 
may vary much with temperature « ges, 


At one plant they thrown of 


by temperature 


were 


tolerance changes | en 


morning and afternoon in the sho; ere 
machined. 

Problems involving the applica of 
transparent plastics are closely as ited 
with heat resistance. There is no « ner- 
cial transparent plastic that will wi: stand 
temperatures over 100 C. Before sp: ing 
a transparent material, the designer uld 
anticipate effect of sunlight and weat) «ring, 
chemicals, fumes, abrasives and me ical 
stresses. 

W. S. Larson. Product fF 77 
Vol. 15, Sept. 1944, 


Using Steel Heat-Treat Properties 


Condensed from "Machine Desi 


Most prominent of the heat-treat develop- 
ments to reach the commercial stage are 
(1) induction and flame heating; (2) iso- 
thermal. heat treating; (3) improved 
quenching; (4) shot blasting, et and 


(5) controlled atmospheres. Strictly war- 
time developments might be limited to the 
use of multiple lower alloy steels to replace 
steels of higher alloy steels to replace steels 
of higher alloy cohtents, and water quench- 
ing of alloy steel armament. 

To the designer, the principal advantage 
of induction heating lies in its application 
to localized zones. This makes possible the 
designing of parts practically free from dis- 
tortion due to hardening. 

Isothermal heat treating was not fully 
developed until the advent of constant tem- 
perature transformation curves of Bain and 
Davenport. This method of heat treating 
was limited to small sections of carbon and 
low alloy steels. 
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IX. Meeting Unusual Electrical Requirements 


As it constitutes the complete answer 
to unusual electrical and severe 
oO} 9 requirements of today’s gen- 
era vice light companies and in- 
dustrial power organizations, this case 


history concerning the Trumbull Type 


ATA Circuit Breaker should prove of 
trem odous interest to the imagina- 
tive igner and engineer. 

The lopment of this circuit breaker, 
as case in the successful devel- 
op! f all plastic products, centered 
aro |) the product designer, (2) the 
custom molder and (3) the manufac- 
turer of plastic molding compounds. 
In this particular instance, the problem 
faced was unusually difficult because 
of the complex nature of the construc- 


tion and the stringent requirements for 
electrical resistance and ruggedness in 
the material used. 

As the first basic step, a mold design 
was worked out so ingenious that the 
circuit breaker case comes from its 
mold (compression molded by the 
Watertown Manufacturing Company) 
as a finished product, smooth and ready 
for assembly of interrial mechanisms. 
Metal inserts, holes, sections, ribs, and 
cut-outs are molded-in, simplifying con- 
struction to an amazing degree. 


Next came the careful selection of a 
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plastic molding compound. For this 
purpose, a Durez phenolic compound 
was chosen because, in addition to 
possessing exceptional electrical prop- 
erties, its versatility extended to other 
needed qualitiessuch as impact strength, 
moisture resistance and moldability. 4 
plastic that fits the job 

The unusual versatility of the more 
than 300 Durez phenolic molding com- 


pounds has made their use practically 
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universal throughout industry. Asa re 
sult of this usage Durez laboratory 
technicians have gained a wealth of 
experience which embraces practi 
every field of endeavor. 

Add to this extensiv e bac kground the 
most modern methods of research and 
you can readily appreciate the value 
which their assistance has to the pro- 
duct designer and custom molder. 
You may be assured of the utmost co- 
operation of the Durez staff, at any 
time, in helping your product designer 
and custom molder work out any ma- 
terials problem which you may have 
Durez Plastics & Chemicals, Inc., 911 


j 


Walck Road, North Tonawanda, N.Y. 
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“Zt, + heat > Zt +H,” 


Zirconium hydride (ZrH.) and titanium 
hydride (TiH.) are chemical com- 
pounds of metal with hydrogen. They 
are quite stable at room temperature, 
yet above 300°C gradually decompose 
into pure metal and nascent hydrogen. 
The reaction is endothermic and absorbs 
a certain amount of heat. It requires 
continuous heating to decompose either 
zirconium hydride or titanium hydride. 
The evolving hydrogen produces a pro- 
tecting atmosphere around each indi- 
vidual particle of the liberated metal. 


The above hydrides come in the form 
of very fine powder of less than 300 
mesh. They are not hygroscopic and : 
can be preserved and handled either 
when perfectly dry or under water. They 
are not readily attacked by most acids. 
The most convenient method of storing 
and handling these powders is in per- 
fectly dry state since then they can be 
accurately weighed and mixed with 
other powders, when used 
in powder metallurgy for 
the production of sintered 
alloys. When used in pure 
state they provide a pure 
hydrogen atmosphere 
which protects them and 
sweeps away all traces of 
other gases present in the 
vessel. 
























These hydrides are metal 


powders made safe for 
handling. 








HYDRIDES inconson 


melasel ea, Beverly, Massachusetts 


17 £. 42nd Street, New York 17, N. 























Allowances usually are made for distor 
tion in designing heat treated parts by in. 
creased size or extra processing. This % 
especially true in gear tooth design wh 
allowance is made for tooth “movement 
in heat treating by extra length of tooth be 
and heavier tooth, 

An important contribution to heat tr 
ing was made by Shepherd, who determin 
that molten salts of certain types wot 
cool at about the same rate as quenc 
oil. This permits their use in cooling « 
hardening steels fast enough to insure t 
getting past the knee on the “S” ¢ 
untransformed. This is known as nes 
pering. : 

With martempering, much of the allow: 
ance made for distortion in heat treat 
can be eliminated. Combinations of 
tempering, induction heating, or induc 
softening will permit designs now 
sidered impractical. The martempering c 
is especially suitable to the higher alle 
steels, and can be combined with shor 
cycle tempering baths to give maximum 
properties, minimum distortion and internal] 
stresses. 

In many applications, low strength decar- 
burized surface is the controlling factor in 
the performance of the part. For this reasoa, 
the use of controlled atmosphere furnaces 
has increased in the past few years. 

In many cases decrease in size, resulting 
from machining off the decarburized surface 
zone, would be accompanied by improve- 
ment in performance. 

To take full advantage of improv-ments 
in control developed in heat treatin:, and 
the new knowledge available of h.rden- 
ability and time-temperature transfor ation 










=> 








characteristics, it is mecessary for tle de- 
signer, the metallurgical engineer and the 
operating department to cooperate in remov- 


ing some factor of uncertainty, at present 
too common. 


There is some difference of opinion as to 
the relative qualities of case-hardened and 
induction-hardened parts. Initial compres 
sion stresses introduced by case-hardening 


are somewhat greater, and the better wear 
resistance due to higher carbide concentta- 
tion in the case may be the deciding factor. 
In any event, the trend to increase the ap- 
plication of induction and flame heating 
promises to continue and will affect the 


layout of heat treating plants of the future. 
—Harry W. McQuaid. Machine Design, 
Vol. 16, Aug. 1944, pp. 107-112, 


Hardened Lead Bearing Metals 


Condensed from 
"Zeitschrift fiir Metallkunde”’ 


The most satisfactory of bearing metals 
on a lead basis and containing no strategic 
constituents is the Bn-metal, an alloy of 
lead with 0.69 Ca, 0.62 Na, 0.04 Li, and 
about 0.02% Al; it is used particularly 
for axle bearings in vehicles on rails. The 
only disadvantage is that it loses its hatd- 
ness under the effect of elevated tempera 
tures of long duration and the burning-out 
of the hardening alkali and earth-alkali 
constituents. 


METALS AND ALLOYS é 


a 














to 


yut 


is 






























NOVEMBER, 





HENANGO-PENN specializes in centrifugal cast- 
S ings of bronze, iron alloys, and many special alloys 
of aluminum and manganese bronze, nickel silver, and 
other ferrous and non-ferrous metals. The density of 
our centrifugally cast metal makes it possible to leave a 
minimum of metal for finishing (sometimes as little as 
%ss of an inch in smaller castings). This means valuable 
savings of critical metals. Finishing costs and finishing 
time are also reduced. 


We can help you speed production of vital parts still 
more with our modern machite shop, fully equipped 
for boring, turning, facing, honing, grooving, thread- 
ing, milling, etc., as well as for all types of special work. 


Shenango-Penn has pioneered in centrifugal casting 
and is equipped to cast tubular bars or cylinders, rang- 
ing from 2” to 26” O.D., up to 26 feet in length. Our 
products meet all Army, Navy and Air Corps require- 
ments. Write for booklet No. 143 describing industrial 
applications and possible uses of centrifugal castings. 


SHENANGO-PENN MOLD COMPANY 
1543 West 3rd Street, Dover, Ohio 


ALL BRONZES & 
MONEL METAL ® 
ALLOY IRONS ¢ 
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ANTI-WEAR...... S 


ANTI-SOFTNESS . .-—at 


I Little Bit Does a Lot of Good 
to Non- Ferrous Metals... Try It! 


Non-ferrous metals, of themselves, are neither 
particularly corrosion-resistant or wear-resistant. 
But alloyed with INDIUM~—or with a thin film dif- 
fused into their surfaces—they take on entirely 
different characteristics. They become much 
better metals, much more useable metals. 


ON PD) AGI Gib eeh orb ac-motey ades-plopetod-1-)l-1t-Selel- Wan Act be 
resistance and hardness to all the non-ferrous 
metals. It has opened up entirely new fields for 
these metals or has greatly improved their use- 
fulness in old ones. 


Consider your products. How much 
better would they be if INDIUM- 
treated and thus given these new 
properties? Write us about your 
jo) 0) 0) (-yeoMmboMme(-1¢-b) Mam @Lbb aan (-Tol eb eblor-¥ 
staff, specialists in INDIUM, will be 
fof E-Yo co Melele) o\-ye-1(- 


THE IVDIUM CORPORATION OF AMERICA 


UTICA; ™. a; 
New York Office: 60 East 42nd Street 


An attempt was made to find the reasons 
for this hardness instability and to modify 
the composition in such manner to suppress 
the instability in the temperature range 
of operation. The hardness instability was 
found to be due to structural changes 
brought about by an oversaturation with 
sodium in the lead basic solid solution 
which is higher than so far realized. 

The new, modified alloys now contain: 
MGS 7422, 0.7 Ca, 0.4 Ba, 0.2 Na, 0.02 
Li, about 0.02% Al; MGS 7420, 0.7 Ca 


| 0.4 Ba, 0.2 Na, 0.04 Mg, about 0.029% Al 


The reduction to 0.2% sodium and of 
lithium content has practically suppressed 
the dehardening, and also reduced the 


| burning-out. The reduction of the lithium 


content has also been accompanied by a 
somewhat lower castability, which can, 
however, be counteracted by an_ increase 
in the chill-mold temperature. The resis- 
tance to corrosion has’ not been lowered 


| by the reduction of sodium and lithium 
| and the addition of magnesium. 


E. Schmid. Z. Metallkund 
Apr. 1943 


Plywood Box Cars 
Condensed from Railwa 


One thousand 50-ton, 40 ft.-6 
cars are now being constructed by tl 
Northern at company shops, using | 


| for outside sheathing, side and en 
and ceiling insulation. Plywood 


used in composite doors on 600 « 

These cars are for use chiefly in 
lumber, newsprint and other | 
heavy commodities. Hence, strength 
gedness in construction have beet 
at some sacrifice in potential weigl 
With an average weight of 45,70 
capacity of 3,727 cu. ft., the weight 
ratio is about 12.26 lb. per cu. ft 

The plywood used for sheathi 
and end lining and doors is Dou 
Ye in., five-ply exterior grade (waterproof), 
sound on one side. The ceiling insu|ation 
is 4-in. three-ply. All panels are furnished 
cut to exact size. 

The panels, except ceiling, are first dipped 
in a special clear sealer and surface hardener, 
made up of a penetrating oil containing 
suitable gums. It protects back surfaces 
against decay and forms a binder for the 
wood grain on exposed surfaces, which also 
serves as an excellent foundation for sub- 
sequent paint coatings. 

There is a good edge penetrati: To 
the bottom edges of the sheathing is also 
applied a heavy coating of car cement. 
After application of the panels, the exterior 
is giyen a coating of iron oxide primef, 
followed by two coats of orange enamel 
the Great Northern standard shad 

The waterproof sealer on the lining pr 
tects the back face from decay and gives 
a tough base for the varnish on the entire 
interior, including the floors. A general 
nailing plan was developed with cup-wash- 
ered bolts through siding at the side sill 

The siding panels are butt-jointed on the 
side post nailers. This permits a slight 
movement between adjacent panels sufficient 
to prevent breakage of nails or tearing of 
the plywood at the edges. 
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lf this is what you want ina 


CASTING SEALANT... 

















high sealing efficiency 















































clean surface after resistance to gasoline, 
application other solvents 
easy handling in plant excellent stability under 
or foundry operating conditions 
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Monsanto Plastics research laboratories have developed and thoroughly proved in foundry tests: 


developed by pean ae meee, ol new casting X-117 for magnesium castings 

sealants which can be applied with the same equip- : ; ; 

ment and virtually the same methods as with tung oil. Antes Oe both magnesia and aluminum. 
A third type is now being tested: 























_ High Sealing Efficiency X-119 for iron castings. 
Che new Monsanto sealants, compounded from a vis- Leave Clean Surface 
ous, thermosetting base resin and styrene monomer, 
ive a high sealing efficiency for four basic reasons. All three types can be applied by vacuum pressure 
1. They have low viscosity to ensure thorough impregnation or by positive pressure with few 
penetration of the finest pores. changes in the standard tung oil processing technique. 
2. They contain no solvents to form vapor or After impregnation the uncured resin is easily 
air voids. cleaned from the surface of the casting because its 
3. They are polymerized rapidly by a low tem- low viscosity permits complete drainage and any 
perature bake remaining surface resin dissolves readily in kerosene 


dip. Its rapid gel time and freedom from solvents 
minimizes exudation during cure, leaving clean 
surfaces. 


4. They form a rubbery, nonporous solid with 
excellent adhesion to metal when polymerized 
or cured in the pores. 














Easy to Handle 





Good Chemical Resistance 








The new Monsanto sealants are supplied as a mixed 


Because the new Monsanto sealants are thermo- ; . : ; 
i . impregnating solution or as a base resin to be mixed 


setting (i.e. once cured, they will not soften again 














when exposed to heat) they have good thermal sta- with styrene monomer. Pre-mixed sealants are simple 
bility. When cured, they are insoluble in aromatic and easier to handle in the foundry and their uni- 
high octane gasoline, lubricating oil, ethylene glycol, formity is assured by control laboratory tests before 
isopropyl alcohol and water. shipment. 

For full details and technical help in adapting the 
Types Availabie new Monsanto casting sealants to your operations, 
write or wire: MONSANTO CHEMICAL COMPANY, 

Two types of the new Monsanto sealants have been Plastics Division, Springfield 2, Massachusetts. 

a ya 


8 


The broad and versatile Family of Monsanto Plastics includes: Lustron poly- 

styrenes e Cerex heat resistant thermoplastics « Vynate vinyl acetals « Nitron b 

cellulose nitrates « Fibestos cellulose acetates « Resinox phenolics « Resimene J 

melamines. Forms in which they are supplied include: Sheets « Rods « Tubes 

Molding Compounds « Industrial Resins « Coating Compounds « Vuepak rigid, SERVING INDUSTAY.. WHICH SERVES MANROM 
transparent packaging materials. 
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MORE POWER 


tothe 
POWERS RY 









*%& Electric power is the very life blood of indus- 
try. Without it, mass production ceases. 


The gigantic power industry, without fan-fare, 
is doing a tremendous job today. In addition to 
the normal demands of industry and domestic 
consumers, it is supplying electrical energy to 
operate the machines of war that turn out planes, _ 

| guns, ships and tanks—energy to drive motors that 
make our great nation the arsenal of the world. 

We of the TITAN METAL MANUFACTUR- 
ING COMPANY applaud this gallant industry 
which is doing such an amazing job, and take pride 


in the fact that TITAN Brass Hot Pressed Parts 


are used in many types of electrical equipment. 


The TITAN plants are now working to capa- 
city on war orders, but in the post-war market, 
when economy becomes a primary 


consideration, TITAN Hot Pressed 


Parts will again be available. 





METAL MANUFACTURING CO., BELLEFONTE, PA. 
NEW YORK + CHICAGO + SAN FRANCISCO 


be 2 Quality Alloys By Brass Specialists 
ff Brass and Bronze Rod + Forgings + Die Castings - Welding Rods 











At the butt joints a metal nailing Strip, 
punched for nailing with a V-shaped raised 
ridge down the center, is used. The 
V-grooves are filled with car cement. 4 
special heavily galvanized oval head najj 
was designed for all exterior plywood 
nailing. “ 

—Railway Age, Vol. 117, Aug. 5, 1944, 
pp. 227-230, 
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New Non-Metallic Material 


A Composite 


Recent applications of a series of organo. 
silicon compounds called silicones have” 
given to industry a new group of polymeri¢ 
materials. They are finding application ag 
electrical insulation, as hydraulic fluids, ag 
pump packing impregnants for use in ham 
dling hot liquids, as waterproofing mate 
rials for paper, textiles, and other materials 
in the treatment of ceramics to reduce sur 
face conductivity, as. chemically-resistang 
lubricants, and many others. 

Lying between glass and organic plage 
tics, the silicones were first introduced t% 
industry in a search for a varnish for glass 
fiber that would withstand heat. Corning 
Glass Works enlisted the aid of Dow Chem 
ical Co. to produce these interesting mae 
terials. 

General Electric also investigate: the 
compounds, and produced “Dri-Film,” a 
waterproofing material for use on cloth, 
paper, ceramics, and other materials. Other 
workers noted their possibilities for pre 
paring synthetic resins, film-forming mate 
rials, and electro-insulation material: 

While the raw materials are cheap— 
sand, brine, coal and oil—the synthesis is 
at present expensive, Alternate methods 
are now being studied. 

The silicones have found a war applica- 
tion in the aviation industry also, where 
they are used for damping aircraft instru 
ments. They show a low rate of viscosity 
change over a wide range of temperatures. 

The fluids are colorless, transparent and 
oxidation-resistant, and have no solvent or 
swelling action upon organic plastics, na- 
tural or synthetic rubber, even at high 
temperature. They are insoluble in water 
and non-corrosive to metals. _ 

Two general classes of liquids are now 
in production at Dow Chemical Co. The 
type “200” liquids have relatively high 
viscosity, flash points of from 600 to 640 
F., specific gravities of 0.968 to 0.973, and 
good dielectric qualities. They show good 
lubricity under light loads. Type “500” 
fluids have lower viscosities, boiling points 
from 99.5 C. up to liquids undistillable at 
250 C. even under vacuum, flash points 
from 70 F. to 475 F., and relatively stable 
Viscosity. 

Resins show exceptional heat stability, re 
sistance to moisture, and freedom from 
carbonization at high operating tempefa- 
tures. A dark-colored varnish, 993 resin, 
is used for impregnating motor statofs, 
transformer coils, for varnishing covered 
magnet wire, Fiberglas, mica and asbestos 
cloths, etc. It resists 175 to 200 C., eve 
under extreme humidity. A thermosetting 
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SOME THOUGHTS ON SPEEDY RECONVERSION 


When the time comes for a quick switch to peacetime 
products, there is much to be learned from the way in 


which certain manufacturers converted to war work. 


Many of these manufacturers came to Pomet for parts. 
They found that Pomet Powder Metallurgy broke bottle- 
necks and cut down production time by giving them small 
parts in hitherto unheard of quantities—small parts of 


intricate design and high density that were pressed to 


CLOSE TOLERANCES 
WITHOUT MACHINING 


HIGH DENSITY 


close tolerances with little or no machining required. 


With a rich background of wartime experience, Pomet is 
in an even better position to help manufacturers change 
over quickly. You will find Pomet Powder Metallurgy 
particularly economical in quantities of 100,000 and 
over. Pomet engineers will be glad to consult with you 


and help you now with your postwar plans. Send for 


literature. 


DUCTILITY OR HARDNESS 
COMBINED MATERIALS 
WEAR RESISTANCE 


POWDER METALLURGY CORPORATION 


A SUBSIDIARY OF GENERAL 


30-48 Greenpoint Avenue 
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BRONZE CORPORATION 


Long Island City, N.Y. 











QUALITY CONTROL... 


Assures Easier Machining and Better 
Performance of Acme Aluminum Castings 


The aluminum alloy castings that come to you from the 


Acme foundry are tested castings—put through every form 
of inspection and examination known to modern metallurgical 
technique. 

X-ray inspection gives a clear and accurate picture of the 
casting’s internal structure. To measure strength, bars from 
every melt are pulled to the breaking point on a tensile 


machine. And the completion of our spectographic laboratory 





has put at our disposal—and yours—the newest advance- 


ments in the scientific analysis of alloy metals. 


Because of their accuracy and inherent quality, assured by 
our quality control, you will find Acme Castings require less 
machining time, reduce your cost per finished part. Your 
customers will get better performance from parts made from 


Acme Aluminum Alloy Castings. 


The special advantages of Acme Castings should help 
you speed production and reduce costs. Acme engineers will 


be glad to submit recommendations, without obligation. 


| Wumnun Wee fh, « Sue. 
Formerly Acme Pottern & Too! Co., Inc. 


DAYTON 3, OHIO 
HEAT-TREATED ALUMINUM ALLOY CASTINGS 


So 





















varnish, 2052, may be used for rotating 
equipment. 

Greases constitute a third group. They 
are used for valves on chemical equipmen 
and for high and low temperature lubgi. 
cation. : 


—Chemical Industries, Vol. 56, Aug. 1944, 
pp. 222-223; Aero Digest, Vol, 
Aug. 15, 1944, pp. 106, 138, 
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Wrought Aluminum Alloys 


Condensed from 
“Zeitschrift fiir Metallkunde’’ 


Recent investigations of the mechanical 
properties of sheets of aluminum-copper 
magnesium alloys with about 2% Cu haye 
shown that two alloys are possibilities t 
replace high-strength steels, namely, Alloy 
I, with 2 Cu, 0.7 Mn, 0.9 Mg, 1% Si, and 
Alloy Il, with 2 Cu, 0.7 Mn, 14 Mg 
0.8% Si. 

Alloy I is a typical hot-precipitation-hard- 
ening material with an elastic limit that 
reaches at annealing temperatures 160 
C. (320 F.) and higher, very high values 
after a short time, but with considerably 


decreasing elongation. Alloy II has wer 
hot-precipitation hardening, with les. steep 
increase of elastic limit and drop o: elon 
gation. 

The maximum values of elastic it of 
about 36 kg. per sq. mm. (51,200 psi.) 
and ultimate strength of about 42 per 


sq. mm. (60,000 p.s.i.) can be o cained 
either by annealing for 24 hr. at 60 to 
170 C. (320 to 340 F.), or for ir. at 
160 to 190 C. (320 to 375 F.). | rma- 


bility in this state is still good in of 
the high ratio of elastic limit to nate 
strength. 

Elongation drops from about 21 2% 


in the unhardened state to about 
in the hardened condition. 


—K. L. Dreyer & insen 
Z. Metallkund 35, 
July 1943, | 57-146. 


Air-Expanded Plastic Rivets 
Condensed from “The Iron A 


Similar in principle to explosive rivets, 
a plastic rivet has been developed that is 
hollow nearly to the bottom of the rivet 
and that is expanded with a few pounds 
of compressed air when it is in place, 
thus making a tight fit. 

This preheated hollow plastic rivet will 
attach fabric to metal, wood or plastic. 
Other possible applications are to attach 
plastic to fabric, rubber to plastic, or plastic 
to metal. 

The new rivet was recently developed 
by S. H. Phillips, process engineer, Douglas 
Aircraft Co., El Segundo, Cal. In design, 
the rivet shank and head are not limited 
to specific shapes, but provision must be 
made for center-boring through the head 
for compressed air application during 
clinching. 

Just prior to driving, the rivet is heated 
to soften the plastic. The compressed aif 
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Lightning Arrester— Manufactured: 
by the Line Material Company, 
Milwaukee, Wisconsin. 


ViSUAL INSPECTION IN THE FIELD 
With Pyrex Brand Glass 


¥ of transparent Pyrex brand glass bodies for 
ligt g arresters enables linesmen to tell at a glance 
the dition of the unit. Moisture in an arrester, 
tarni. .ed and pitted spark gaps and the condition of the 
valve clement can be quickly detected. Periodic costly 
laboratory tests are unnecessary. 

Advantages gained by the user are only half of the 
story. Line Material Company, manufacturer of these 
lightning arresters, also benefits from the valuable 
properties of Pyrex brand glassware. Among these are: 
1. Manufacture to close tolerances. Glass bodies are 

held to the uniform close tolerances specified, 

through the manufacturing techniques developed 


by Corning engineers. Arresters can be assembled 
on a production line basis. 

2. High dielectric strength. The arc resistance of Pyrex 
brand glass No. 774 permits a thinner walled body 


better design. 


3. High surface resistivity, means low leakage. 


4. Imperviousness to moisture and gases. Arreste: 
can be made weather-tight. 


Pyrex brand glass No. 774 is versatile. It possesses 
a balance of properties found in no other material. If 
any of these properties can be useful to you, it will 
pay you to investigate the use of glass in your product. 
Comprehensive information on Corning’s Industrial 
Glasses is available in Bulletin 842. Send for your 
copy today. 
meee eK ----- a a 
Corning Glass Works, Industrial Sales Dept., MA11, 
Corning, New York 


Please send me a copy of your Bulletin 842—“/ndustrial Glass 
by Corning.” 


Name 


Firm 


| Street 


City and State 


“PY REX” is a registered trade-mark and indicates manufacture by Corning Glass Works, Corning, N.Y. 


LORNING 


; (Glass Works 
4h Corning. New York 
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BOSSERT for Stampings! 


LARGE AND Bossert maintains a staff of skilled engineers 











SMALL | and designers and has solved many problems 

| for its customers over the past thirty years. 

‘ It has served the leading concerns in such 
HEAVY AND industries as the automotive, refrigerator, elec- 

LIGHT METAL | tric washing and drying machines, electric 
STAMPINGS power equipment, oil burning furnaces, water | 
it heater, tractor, concrete mixer, garment press- 

ing médchine, radio, rayon yarn, business 

DEEP machine, industrial filters, domestic sinks, 

DRAWING railway supplies, gasoline curb pumps, air- 
. planes, fire extinguisher, dairy, automotive | 
WELDING accessories, and many others. | 


Our capacity for deep drawing is 54” diame- 
ter x 18” deep, or 39” x 72” x 12”, in all 
metals, and up to 7/16” gauge. OVER 200,000 
SQUARE FEET OF FLOOR SPACE! 





THE BOSSERT COMPANY, INC. 
UTICA, NEW YORK 


Established 1896 


NEW YORK CITY , DETROIT 



































® Hitherto the distribution of O.F.H.C. 
Copper has been restricted to cer- 
tain special end uses such as 


electronics. 


@ O.F.H.C. Copper and a few special 
dilute alloys thereof are now avail- 
able for most uses. 








THE AMERICAN METAL COMPANY, LTD. 


oe Broadway New rt N 








forces the shank section to expand, thy 
soft plastic section hardening immediately, 

After some dozen plastics were exper}. 
mented with, acrylic was most suitable, one 
of its good features being “plastic memory,” 
or ability to regain its original shape upon 
subsequent heating. Application of hea 
will cause the expanded end of the rive 
to shrink to its original size so that the 
rivet may be removed from the hole intag 
and capable of reuse. 

Where used to fasten airplane fabric 
to a trussed aluminum rib, a load of 493 
lb. was necessary to cause failure—pbyr 
it was the fabric, not the rivet, that failed 
Installed in a tensile jig, the rivet showed 
an average breaking strain of 220 |b. 

Electroplated plastic rivets developed 
greater tensile strength, flexural strength 
and dimensional stability than the unplated 
variety. Crazing of the plated rivet occurs 
on the expanded end, but all visible por. 
tions of the rivet are entirely unaffected 
by the driving process. 


—Iron Age, Vol. 54 
July 27, 1944, pp. S283 


Cracks in Rail Flanges 


Condensed from “Stahl und ! 


Origin and effects of cracks in rai: flanges 
were investigated by statistical me: ods ae- 
cording to time of service of the ra: . manu- 
facture and type of track. In gen: ral, the 
sole of the flange contains more or less 
conspicuous and numerous irre: .larities 


in the crystalline structure, which ire dis- 
tributed over the whole length « e rail, 
but these irregularities lead to fra only 
if a crack, even a fine one, has be aused 
by other circumstances, e.g. by ghten- 
ing. Of special importance are t isters 
occurring at the edge of the flan 

Flange cracks are determined static 
and dynamic methods, of which bend- 
ing test is the preferred one. In the bend- 


ing test, a higher deflection corresponds to 
a higher load at fracture. No great differ- 
ences were found between rails of con- 
verter steel and of open-hearth steel. 
The appearance of the fractured afea 
obtained in threshold tensile tests show 
that the fracture in cracked rail sections 
starts from an already existing more of less 
deep crack, while in sound rail sections the 
fracture starts from a point, mostly from 


a tiny surface injury or material defect, 
which acts as a notch. 
The threshold tensile strength in cracked 


rail sections was 4.5 tons in good rails 10) 
tons; the average bending deflection was 2. 
and 8.9 mm., respectively, and the average 


load at fracture 27 and 42.7 tons 
Both statistical and testing results show 
clearly that rolling and straightening of the 


rail have a determining influence on the 
formation of the rail flange and thus of 
the tendency to flange cracks. Differences 
in manufacturing methods were recom 
mended for further investigation, especially 
of the question as to whether silicized rails 
would improve the resistance to flange 


cracks. 
—R. Kiihnel. Stahl u. Bisee 
Vol. 64, Mar. 16, 194, 
pp. 169-1 
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How long will 9% 


.. 
A YOUR reconversion take? 


5 No matter when reconversion starts — 


/ j you'll need steel. Why not reconvert aster 




































— by using Frasse warehouse stocks? 


Tons of steel are ready in Frasse -plants— 
available the moment you get the green 
light. Frasse inventories of cold finished 
bars, tubing, stainless steel, alloy, and air- 
craft steels have more than doubled to 
serve your needs. By buying from these 
stocks for immediate production, you can 
save weeks, even months, in reconverting 


to peacetime pre ducts. 


The pent-up demand for your product 
will not be satisfied with dragged - out 


deliveries. To plan a quick conversion. 


plan on quick steel — from Frasse 


SSO 


Mechanical | 
and Aircraft Steels 


COLD FINISHED CARBON BARS, SHEETS AND STRIP - SAE, 
AISI AND NE ALLOY BARS - DRILL ROD AIRCRAFT ALLOY 
BARS AND TUBING - STAINLESS STEEL SHEETS, STRIP, 
PLATES, BARS, WIRE, PIPE AND TUBING - SEAMLESS 
CARBON AND ALLOY TUBING + SEAMLESS PIPE AND CON- 
SS DENSER TUBING - WELDED CARBON AND ALLOY TUBING 








PETER A. FRASSE & CO., INC. 17 Grand St., New York 13, N. Y. (Walker 5-2200) + 3911 Wissahickon Ave., 
sd cbilotol-)ho)etlemyA: Me eM Ostetelol ti MW All IIE dete aby) . P. O. Box 946, Buffalo 5, N. Y. (Washington 2000) 
Jersey City 2, N. J. « Hartford 5, Conn. « Rochester 4, N. Y. » Syracuse 2, N.Y. « Baltimore 2, Md. 
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Variables Affecting Impact Tests 


Condensed from “Metals Technology” 


A great deal of work has been done on 


the notched-bar impact test. The many 
factors that may control the test results 
have been pointed out repeatedly. The 


importance of the effect of type and dimen- 
sions of the specimen as well as of testing 
temperature has been recognized. 

The present discussion is an outgrowth 
of an investigation of the quality of a 
number of weldable plain carbon and low 
alloy steel plates. Most of the specimens 
were standard keyhole or V-notched Charpy 
specimens with modifications of breadth. 

Doubling the breadth of a _ standard 


1414 


10-mm. notched-bar impact specimen broken 
at room temperature causes a decrease in 
the specific energy absorption for most of 


the steels studied. However, in the tougher, 


and more ductile steels, the narrow speci- 
mens have a lower specific energy absorp- 
tion? 

The impact value decreases as the sharp- 
ness of the notch increases. The sharper 
notch causes a greater tendency for brittle 
failure, whereas an increase in the radius 
of the notch gives greater deformation with 
less tendency towards brittle behavior. The 
V-notched Charpy test specimen is preferred 


to the keyhole-notched specimen for the 
steels studied, since the sensitivity of the 
test is increased and the test specimen js 
strained as a simple beam. 

Testing temperature is one of the impor. 
tant variables affecting the impact value. 
For specimens tested at various tempera- 
tures, the effect of breadth is greatest for 
the steel studied (mild steel) in the range 
of temperatures from just above to below 
room temperature. It is difficult to obtain 
reproducible values with the V-notched bar 
specimens when tests are made in the 
transition zone; when the less sensitive 
keyhole-notched specimen is used, consistent 
values are found even in this zone. 

In general, the energy absorption in the 
slow bend and in impact loading are ip 
good agreement for homogeneous steels, 
However, a decided increase in energy 
absorption in the impact compared with 
the slow-bend method was noted in a 
number of commercial-quality non-homo- 
geneous materials containing laminations or 
having fibrous breaks. 

A linear relation between energy absorp. 
tion and work-hardening has been found 
under a variety of test conditions for two 
plain carbon steels. Other types of steels 
will undoubtedly show a similar relation- 
ship, although the slope of the curve will 
vary. It is possible that this relationship is 
a fundamental constant for each steel, which 
would be useful in the general solution of 
the behavior of mechanical test specimens. 


—C. E. Jackson, M. A. |! icz & 
F. S. McKenna. Metals Te: ogy, 
Vol. 11, Aug. 1944, T. P. No. 166: 7 pp 


Modern Welding X-Ray Inspect: 1 


Condensed from “Industry and \V 1g” 


The recent advent of the milli. -volt 
X-ray machine has led to inspection over 
a greater range of thickness than ha. ever 
before been possible, and speeded the 
inspection of heavy steel welds and ca ings. 


With this machine, in certain types of 
inspection, magnesium alloy castings, |4 to 
12 in. thick, can be examined with one 
exposure, whereas with lower-powere:: units 
as many as 15 separate exposures were 


necessary. 

The most popular units are in the 140 
to 250 kv. range. Welds up to two in. 
thick can be satisfactorily inspected at 250 
kv., while light-alloy castings can best be 
inspected at 140 kv. The principal differ- 
ence in X-ray technique when applicable 
to the lighter alloys is concerned with power 
output. 

A good. X-ray technique should be stan- 
dardized .on the most satisfactory film for 
the material to be encountered in the in- 
spection, together with proper kilovoltage, 
exposure factors, and focus-to-film distance 
that will reduce distortion and render 4 
good sensitivity. Where thickness varies 
over the entire range of inspection, a pene 
trameter sensitivity of not less than 2% 
should be recorded on the film. 

Metallic filters interposed between the 
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losé-up of a weld showing a Magnaflux 












. «>» Showing Up the Cracks in 
Faulty Welds With *MAGNAFLUX 


indication of a shrinkage crack. 


CORPORATION 





NOVEMBER, 


1944 


If that weld has a crack in upon the weld. If the resulting 
it, it will soon be brought to light. By magnetic field is interrupted by a 
simply moving the Magnaflux unit crack, lack of fusion or an excessive 
to the location—a few simple moves’ slag deposit, the metallic particles 
with the hand prods and Magnaflux will show it up. The crack is out- 
powder, and the crack is immediately lined by the particle accumulation. 
disclosed. Current is sent through Modern quality control through 
the weld between the prods and Magnaflux builds confidence in 
ferro-magnetic particles are spread weldments. 


* Magnaflux — the Trade Mark of the Magnaflux Corporation 
applied to its equipment, materials and inspection methods. 


MAG NAFL U X CORPORATION 
5922 Northwest Highway, Chicago 31, Illinois 
New York . Detroit . Dallas . Los Angeles . Cleveland . Birmingham 
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The ‘‘ROCKWELL’’ TESTER 
and the GIANT WARPLANES 


The above photograph and the following letter, unsolicited, were very 
kindly sent to us by Wright Aeronautical Corporation, Paterson, N. J. 





“Enclosed is a picture which we believe may be of interest to you. This 
picture shows one of your hardness testers used in the inspection of artic- 
ulated rods for a Cyclone 18 of 2,200 horsepower. This engine, as you 
know, is now used to power the Boeing B-29 Superfortress, Lockheed Con- 


stellation, Martin Mars and other giant aircraft.” 


“At take-off, each articulated rod has to transmit more than 122 horse- 


power to the master rod and crankshaft; consequently surface hardness is 


WILSON 


MECHANICAL INSTRUMENT CO.. INC. 


Sole Makers of “ROCKWELL” Testers 


of the utmost importance. » 





An Associate COMPANY OF 371 CONCORD AVENUE 
AmeERICAN CHAIN & CaBLE Company, INc. NEW YORK 54, PW. 
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X-ray tube and specimen will improve sen- 
Sitivity over a wide range and will reduce 
the number of exposures required on a 
given specimen. 

X-ray inspection of spot welds is now 
recognized as the only practical means of 
inspecting these thin sections without de- 
struction. For inspection of steel, aluminum 
and magnesium spot welds, very low volt- 
ages ranging from 40 kv. down to 12 ky, 
are necessary to depict with clarity the fine 
voids that might be present. 

Exposure factors and film must be chosen 
with great care. It is advantageous to have 
an X-ray tube equipped with a beryllium 
metal window and a tungsten target to 
allow passage of the longer wave-lengths 
and afford better film contrast. This is con- 
trary to techniques employed on other 
types of welds. 

Low-powered machines can render a 
good sensitivity with thicker specimens than 
those for which they are ideal, by proper 
changes in technique. For example, calcium 
tungstate intensifying screens afford a means 
of penetrating thick sections with low-pow- 
ered units by assisting the X-rays in forming 
the image. An X-ray film placed between 
two such intensifying screens at as low as 
95 kv. will make possible the rendition of 
an image of a %-in. stainless steel we 


Robert Taylor. Industry & Welding, \ 7 
Aug. 1944, pp. 68, 70, 72 


Metallographic Quality Test 


Condensed from “Transactions” of 
American Foundrymen’s Associat 


The term “malleable iron” here ; 
to the type of iron covered by A. 
Specification A-47-33, Grade 35018 
quality of this iron is adversely afte y 
the presence of one or more of the n 
constituents: primary graphite, pearlit 
primary cementite. 

Primary graphite consists of flake grap vite 
that forms during solidification. It his a 
deleterious effect on strength, ductility and 
shock resistance. Once formed, it cannot 
be eliminated. Pearlite is the result of 
failure of the iron to respond to the anneal- 
ing treatment. It impairs ductility, shock 
resistance and machinability. 

Primary cementite, also the result of 
unsuccessful annealing, is extremely hard. 
It dulls the cutting tool and reduces the 
ductility and shock resistance of the iron. 
Both pearlite and primary cementite can 
be eliminated by reannealing. 

Examination of the microstructure of 
tensile test specimens containing primafy 
graphite has proved that the amount and 
distribution of this constituent is closely 
related to the strength and ductility of the 
metal. Photomicrographs of the structures 
of malleable iron containing primafy 
graphite, therefore, may be used as stand- 
ards for rating other irons. The same 
specimen may be examined for primaty 
cementite and rated with standard photo- 
micrographs. The amount of pearlite is 
expressed as a percentage of the specimen 
area. 
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Which is the X-ray Film to use for this steel 
casting at 160 Kilovolts? 


Two films—Kodak’s Type “A” and Type “K” 


—exposed together. 


FOR examination of this multiple thickness 
casting, good detail is desirable in both the 
Y4-inch plate area and the 1,°5-inch bosses. 


At limited voltages, a single film would not 
have the latitude required. Two separate ex- 
posures could do it, but the best use of avail- 
able equipment and film would be with the 

“two-film” technic: Kodak Industrial X-ray 
Film Type “A,” for the plate area, and a 
Type “K” F ilm, for the bosses, sandwiched 
between three lead foil screens, as shown by 
the diagram below. This provides good detail 
in both thicknesses with one exposure—a 
good solution to problems of this kind. 


Under other conditions, you might need a 
different Kodak X-ray I ‘lm... The film you 
select for a given job depe nds upon the rela- 
tive emphasis you place on exposure time. 
contrast, and definition and the available 
x-ray kilovoltages or intensity of gamma 
radiation. But whateve ‘x your requirements, 
Kodak provides a film to fit them. 


TWO-FILM TECHNIC 


Pex DB em | 





in, 


___. Lead Screen 





__.. Type “A” Film 








Lead Screen 
Type “K” Film 





Lead Screen 





Good detail in both thin and thick sections 


Kodak provides the 4 types of film 
needed for Industrial Radiography 


Kodak Industrial X-ray Film, Type A: 
Fine grain. Primarily for light alloys at lower 
voltages and million-volt radiography of thick 
steel parts. 


Kodak Industrial X-ray Film, Type F: 
Primarily for the radiography, with calcium 
tungstate screens, of heavy steel parts. 


Kodak Industrial X-ray Film, Type M: 
Extremely fine grain. ‘Made to order” for 
critical inspection of light alloys and, with 
million-volt radiography, "of thinner steel parts. 


Kodak Industrial X-ray Film, lype K: 
Primarily for gamma ri adiogri aphy, with lead 
foil screens. of 7 avy steel parts .. . or lighter 
parts at low x-ray voltage S, 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N. Y. 











SARGENT HEAVY DUTY 
ANALYZER... Designed for 


Modern High Speed Electrolytic Analyses 


It applies high current densities up to a limit of 10 amperes to 
greatly increase rates of deposition and produce bright, smooth, 
closely grained deposits that firmly adhere to electrodes. Use of high 
speed methods possible with the Sargent electrolytic analyzer reduces 


the time formerly required for making analyses by as much as 60%. 


A properly designed electrode system providing large surface 
areas, thorough electromagnetic agitation of electrolyte, a water 
cooling system and correct adjustment of concentration of electro- 
lyte are the principal elements in electrolytic practice that make 
high current, high speed analysis practical . . . In addition to 
these considerations instrumental manipulation and maintenance 
are facilitated by elimination of mechanical stirring devices and by 
providing positive, quick acting, 
sturdy bakelite electrode heads 
which can be moved to any 
vertical or lateral position by 
slight pressure of the hand... 
No clamp adjustments are neces- 
sary. The bakelite heads expose 
no metal other than the platinum 
electrodes to corrosive fumes. 


$-29405 ELECTROLYTIC 
ANALYZER—Sargent, High 
Speed, Heavy Duty, Magnetic 
Stirring, Water Cooled. Without 
electrodes or motor generator. 


No. of positions.. 2 6 


... $275.00 $700.00 





Each........ 


Literature on Request 


E. H. SARGENT & CO., 155-165 E. Superior St., Chicago 11, Ill. 


Michigan Division: 1959 East Jefferson, Detroit 7, Michigan 


SCIENTIFIC LABORATORY SUPPLIES 
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In selecting the location in a Casting 
from which the sample is to be taken, 
sections subjected to high stress and relative 
solidification rates must be considered. 
Primary graphite is usually found where 
solidification is slowest. 

Sampling is facilitated by the use of g 
small core drill, which permits sampling 
without impairing the casting. A diameter 
of 3/16 in. for the sample is satisfactory, 

The samples are mounted in plastic and 
polished metallographically. Examination js 
made with a binocular microscope at a 
magnification of 8 diam. After determina. 
tion of the primary graphite rating, the 
specimen is lightly etched in mital and 
examined at 100 diam. for primary cemen- 
tite. Given a deeper etch, the same speci- 
men may be examined for pearlite, usually 
at a magnification of 100 diam. 

—C. T. Eakin & H. W. Lownie. 7rans., Am, 


Foundrymen’s Assn., Vol. 52, 
Sept. 1944, pp. 261-279, 


Inspecting Magnesium Alloy Castings 


( ondensed TOM T be Tro 


Supplementing of metallographic studies 
to X-ray inspection seems indicate 1 cer- 
tain classes of magnesium alloy castings, as 
a means for more accurate interpr: yn of 
what actually exists in a given men. 

In X-ray inspection, a great deal \epends 
on the quality of the negative tected 
by technique chosen, fineness in gt struc: 
ture of the film used, and th neral 
experience of the inspector. Ce tacts 
indicate that even the highest qua adio- 
graph is rather inadequate f lute 
accuracy. 

Magnesium casting alloys hav best 
structure frequently develop e of 
defect known as micro-shrinkage erline 
weakness or interdendritic pipit )pear- 
ing as small cavities between vidual 
grains. Numerous magnesium alloys, al 
though having lower than aver value 
for solidification shrinkage, hav wide 
range of temperature over which lifica- 
tion takes place. 

As an aid to speedy fabrication, and to 
establish uniform standard for accurate 
subsurface inspection, a study was carfied 
out on sand castings rejected by X-ray im 
spection. Castings represented a group of 
returns. 


Having determined that micro-shrinkage 
existed, specimens were tested mechanically, 
then examined metallographically. This 
examination showed numerous cavities be 


tween individual grains. None of the 
fissures was continuous. 
Conclusions reached were: (1) Radio 


graphic interpretation rejecting castings 4% 
possessing stress cracks was erroneous; (2) 
critical area was relatively sound, since 
stress-taising defect would cause early fail- 
ure; minimum micro-shrinkage interfered 
in no way with serviceability; (3) accurate 
typing of defects by metallographic exam 
ination was accomplished. 


—Robert Taylor. Iron Age, Vol. 154, 
July 13, 1944, pp. 55-58 
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For work in which the inspection of internal sur- 

- faces is a factor, Polan Borescopes give detailed. 
dies fe minute inspection. 

Requiring no special operator training, Polan 

ef Borescopes are practical in usage. Designed for 

inspection of gun bores, bored engine shafts, cylin- 


i f ders, etc., with absence of eye fatigue. Efficient 


inspection of bore diameters ranging from 20mm 
to 9 inches; lengths up to 30 feet. 


" Write today for your copy of Borescope Bulletin No. 507. 





So 


olaw 


TIA a 


HUNTINGTON 19 + WEST 
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FOR METALLURGICAL ENGINEERS 


Machine Members 


DESIGN OF MACHINE MEMBERS. By Alex 
Vallance & V. L. Doughtis. Published by 
McGraw-Hill Book Co., New York, 1943. 
Cloth, 54% x 8% in., 559 pages. Price 
$4.00. 


° 
The authors of this book have had 
many years experience in teaching machine 
design, and one of them is now chief 
designer for a large manufacturing firm 
This is the second edition of the book, 
which is planned and written as a text 
book for students in mechanical engineer- 
Ine? ‘ 
The authors state: “No attempt has 
been made to make this book a reference 
handbook for machine designers.” Several 
hundred problems for assigned work are 
given following the text of the book. 

Throughout the book there is main- 
tained a balance between derivations of 
formulas to give the student familiarity 
with the kind of analytical methods used 
in machine design, a summary of the 
mechanics of stress and strain, data con- 
cerning the strength and ductility proper- 
ties of materials, and a discussion of the 
principles involved in assigning safe work- 
ing stresses for machine members. 

Then there are some 18 chapters, each 
one of which treats of the special prob- 
lems of one type of machine member. 
There is a chapter on shafts, one on bolts 
and screws, one on brakes, one on gears, 
one on belts, and so on. The chapters on 
sliding bearings and on ball and roller 
bearings aroused the reviewer's especial 
interest. 

In this second edition, some rearrange- 
ment of the order of chapters has been 
made, and considerable new material has 
been added, especially data on non-ferrous 
metals, and on plastics and _ synthetic 
rubber-like materials. 

This is a textbook rather than a hand- 
book, but it is the kind of a textbook a 
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student will wish to keep after he is 
graduated. It is also a book that will 
make a valuable addition wo the working 
library of any machine designer. 

—H. F. MOORE. 


Using the Spectroscope 


EXPERIMENTAL SPECTROSCOPY. By 
Ralph A. Sawyer. Published Prentice- 
Hall, Inc., New York. 1944. ¢ loth, 6 by 
914 4in., 


323 pages. Price $5.00. 


Intended as a practical guide for the 
student of spectroscopy and for the re- 
search worker who must use those meth- 
ods occasionally, Dr. Sawyer’s book omits 
those pages of mathematical formulae 
and derivations which make the usual 
text so formidable to the beginner. Em- 
phasis is placed upon to-the-point instruc- 
tions in adjusting the instrument and 
actually putting it to use. 

While the scope of the text is limited 
to emission spectroscopy and absorption 
spectra are merely mentioned, these limi- 
tations will not reduce the book’s value to 
the spectroscopist in the metal industries. 
After a brief discussion of the history of 
the subject, the author outlines the gen- 
eral principles of the spectroscope, con- 
struction of the instrument, and the care 
and adjustment of its parts. Methods of 
determining the wave length of the spec- 
tral bands, and of determining their in- 
tensity for quantitative work, are given 
in a manner calculated to be of practical 
assistance to the technician faced with the 
necessity of obtaining usable data. 

A chapter upon photographic methods 
is included for the benefit of the worker 
not familiar with them, and chapters 
upon infrared and ultraviolet technique 
will provide an introduction to those 





fields. A section upon spectrochemical 
analysis should be very welcome to the 
laboratory man who is, after all, primar- 
ily concerned with putting the spectro- 
scope to just this use. 

—KENNETH ROSE 


Metal Forming 


METAL FORMING BY FLEXIBLE TOOLS. 
By Chris J. Frey & Stanley S§. Kogut. Pub- 
lished by Pitman Publishing Corp., New 
York, 1943. Leather, 6 x 91%4 in., 193 
pages. Price $3.00. 


Chris J. Frey and Stanley S. Kogut 
have put on record in this book valuable 
methods evolved in United States warplane 
manufacture. The need for diversified 
production methods is well stated. 

The use of large hydraulic presses, with 
confined rubber forming pads and cheaply 
produced male die members, for forming 
aluminum alloy sheet material, is thor- 
oughly and clearly presented with ample 
illustration and data for calculation. 

Next, the use of drop hammers with 
cast zinc alloy dies, for the deeper formin 
and drawing of aluminum alloys, is » 
recorded, particularly as to the met! 
of making such dies. 

The reviewer personally has found it 
rather hard to accept the relatively « 
use of relatively inexpensive drop hamn 
for many of the operations involved, but 
certainly they have played a vital par: in 
the war effort, and their utility should be 
acknowledged. Perhaps the authors will 
add in a later edition some discussion of 
the growing use of similar soft low «ost 
dies in double action hydraulic p 


— 
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ws 


which, however, are definitely not 
pensive. 

The final chapter on brake die 
bending operations is quite proper 
lude in the “flexible tool” picture 

The book is worthy of a place 
reference libraries of pressed metal 
neers and technicians. 


—E, V. CRANE 


Other New Books 


MANGANESE IN CALIFoRNIA — Buttetin No. 125. 
Published by State Division of Mines, San Francisco, 
Calif., 1943. Cloth, 64% x 914 in., 387 pages. Free 
to those interested. The purpose of this publication 


is to assemble data and sources of data on all 
noteworthy deposits of manganese in California; to 
discuss their utilization, history and the place these 


deposits occupy in the whole manganese industry; 
and to discuss the characteristics, origin and geol- 
ogy of these deposits, which occur particularly in 
the State of California. Several authors have shared 
in the undertaking. 


SYMPOSIUM ON THE SIGNIFICANCE OF THE HARDNESS 
Test or Metats in Revation to Desicn. Published 
by the American Society for Testing Materials, 
Philadelphia, Pa., 1944. Paper 9x6 in., 58 pages. 
Price 75c. This symposium includes notes on the 
indentation hardness test, with conversion tables 
and a brief bibliography. It includes also technical 
papers on present types of hardness tests; on fun- 
damentals of hardness testing, followed by discus- 
sions by authorities; and finally, the tentative hard- 
ness conversion tables for steel showing the rela- 
tionship between diamond pyramid hardness, Rock- 
well and Brinell values, A.S.T.M. designations: 
E48. The authors are all generally recognized 
authorities. 
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Equipment @ Finishes @ Materials @ Methods @ Processes @ Products 
Alloys @ Applications @ Designs @ People @ Plants @ Societies 


Portable Hydraulic Press 


A table 144-ton hydraulic press with 


off-s: aten and ram, identified as “Hy- 
Mac ydro-Squeeze gun and built for 
press up to 1000 p.s.i., is announced 





by Hydraulic Machinery, Inc., 12825 Ford 
Road, Dearborn, Mich. “C” ring-type seals 
are used on the piston. The ball-type 
Switches are conveniently located on the 
unit to control a spring returned four-way 
valve, 

As long as both switch buttons are 
pressed, the valve solenoid is energized 
and oil under pressure is valved into the 
gun moving the ram through the working 
stroke of 114-in. 

When one or both buttons are released, 
the valve solenoid is de-energized and the 
fam starts the return stroke. The off-set 
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platen and ram are constructed to accommo- 
date numerous special adaptors for various 
operations, such as pressing bushings and 
pins, riveting, dimpling, etc. This gun 
will reach any hard-to-get-at places, for- 
merly inaccessible to power tools. 

A standard Hy-mac hydraulic power unit, 
complete with pump, motor, tank and 
valves, generates the hydraulic power for 
operation of the gun. Power units can be 
furnished with sufficient capacity for pow- 
ering numerous guns from a single unit. 
High pressure hydraulic hose connects the 
guns to the power unit. 


Template Photographs on Steel 


A few years ago it would have taken 100 
man-hours to reproduce a single template 
for the B-29 Superfortress. Now templates 
are produced at Boeing Aircraft Co. in a 
few minutes by putting “photographs” of 
the designs on “Armco” galvanized “paint- 
grip’ steel sheets with a special mill-Bond- 
erized coating. The templates are distrib- 
uted to hundreds of main and sub-con- 
tractors. 

The sheets, painted pale green, reproduce 
clean, unflaked lines when the pattern is 
scribed. Standard photographic processes, 
chemicals and equipment, including a 6-ton 


camera are used. The master template is 
set on an easel and held in place by suction. 

From an adjoining room the camera 
takes a picture of the pattern through an 
aperture in the intervening wall. The neg- 
ative, reduced to one-fifth, is made on glass 
plate to prevent shrinkages. Tolerances of 
no more than one-thousandth of an inch 
a foot are permitted. 

For reproductions, lacquered steel sheets 
on an assembly line basis are used. They 
are sprayed with a photographic emulsion. 
The sheet is placed on the camera easel in 
the dark room while the negative glass 
plate is placed in the camera and “shot” 
through the lens, projecting the pattern on 
the “‘Paintgrip” sheet. It is developed in 
the regular photographic way. 

Usually the sheets are made to the actual 
size of the B-29 parts. The templates serve 
as jigs and fixtures, patterns for router and 
drill operators, and in producing various 
dies. A carload of these sheets is used by 
Boeing every two weeks. The steel sheets 
are furnished by American Rolling Mill 
Co., Middletown, Ohio. Extensive post-war 
uses are envisioned. 


@ Tool steels are now being cast-to-shape 
for commercial applications by Jessop Steel 
Co., Washington, Pa. They are used for 
dies, forming tools, glass molds, gages, hobs, 
gears, cams, etc. They are cast in air hard- 
ening, oil hardening, flame hardening, stain- 
less and heat resistant analyses. 
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PREWAR 


DU-LITE was a widely accepted, 


Standard Finish. 


WAR 


MILLIONS of war items have been and 
are being finished with DU-LITE. 


POST WAR 


HUNDREDS of Manufacturers are 
planning to use DU-LITE on their 
peace time production. 


DO YOU FIT INTO THIS PICTURE? 


You should investigate the possibili- 
ties of a DU-LITE CHEMIFINISH 
for your Post War products. Take 
advantage of our experience as spe- 
cialists in the chemical blackening 
of steel and copper and zinc. 


Tell us your problem and we will ad- 
vise honestly whether DU-LITE is 
suitable for your application. 














DU-LITE CHEMICAL CORP. 
MIDDLETOWN, CONNECTICUT 











Rolling Mill of Radical Design 


Rolling mills for both ferrous and non. 
ferrous metals that embody a distinctly new 
rolling principle have been invented by 
Frank R. Krause and developed by engi- 
neers of the Lewis Foundry & Machine 
Div., Blaw-Knox Co., Pittsburgh. Instead 
of the material passing through power 


driven rolls, it is held in tension by a 
grippet and the rolls are moved by frictional 
contact between cam plates and the metal 
between the rolls, thus approximating ‘turks 
head” rolling. 

The motion and pressure of the rolls 
are produced by the action of reciprocating 
cam plates. Pressure is applied on the work 
stroke in the direction of the finis! end 
of the material, with no pressure plied 
in the return stroke. The reduction lone 
largely by the tension in the strip con- 
tradistinction to other roller-forging meth- 
ods, which work the stock under high 
compression. 

The process is now being used re- 
ducing 4-in. thick material, up to °6 in. 
wide, down to 0.030 in. in a sing!< pass. 
Such reduction usually needs fou six 
passes, with at least three anneals f ass. 
It can roll to as low as 0.005 in. t 010 
in., as well as to reduce l-in. thick slabs 
to 0.050 in. It will hot reduce slal ) to 
4 or 5 in., with proper designated  quip- 
ment; also adaptable is rolling of ered 
material such as spring leaves. A poss: bility 
is the formation of tapered skin coverings 
for aircraft wings. 

The first two commercial applications 
are at the plants of the C. G. Hussey Co. 
at Pittsburgh and the Michigan Div., Pevere 
Copper & Brass Co. at Detroit. The mills 
provide a solution to the rolling problem 
of being able to exert great pressure with 
rolls of small diameter (4 in. in diam. and 
28 in. long of hi-carbon, hi-chrome steel 
forgings). The use of back up rolls pro- 
vided one solution of this in wide strip 
mills, but the rolls in 4-high mills still 
suffered because they are supported by beat- 
ings at the roll necks and distortion at great 
rolling pressures was inevitable. 

In the Krause mills, no pressure is placed 
on the roll necks other than necessary 
keep them in position, with only plain 
bronze bearings being provided. The cam 
plates are heat treated alloy steel forgings. 
The entire pressure is distributed evenly 
along the faces of the rolls by cam plates, 
which, with the backing up structure of 
the housing, can be made as massive as 
necessary. At the Hussey plant, which 1s 
described throughout this article since # 
is typical, the housing, cam plates 4 
reciprocating parts weigh ten tons. 

(Continued on page 1432) 
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010 : Although it is possible to construct an electronic heater that 
labs oh ie 1) will generate a great range of high frequency currents, it will not 
pt Ff ~~ perform all heating jobs efficiently and it would be very costly 
“a ; — in use. 
‘lity F Virtually every application of electronic heating requires a 
rings | specific FREQUENCY AND POWER combination. Therefore, to 
realize the maximum advantages of this improved heating method, 
tions each installation should be designed and built for its particular 
y Co, application. For example: when a heating operation can best be 
pt : done at 5 kw and 22 megacycles it would be wasteful and inefficient 
a to use a machine that delivers 20 kw at 500 ke. 
with Many first-time users of electronic heating are induced to buy 
n. and “misfits” when they try to find an all-purpose machine. Our 
> steel extensive line of equipment offers you the broadest range of power 
S pfo- and frequency combinations at prices lower than other makes of 
; pe comparable quality. 
‘ bail Investigate the production economies and advanced engineering 
+ great designs offered by our greater variety of units . . . each one time- 
— tested for high efficiency. 
pleat _ M¥ESequipment of - Before you buy write to us for detailed information 
iain ters you a selection 
e an | Jencies up to 
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ich is “aa | DIVISION OF “S” CORRUGATED QUENCHED GAP COMPANY 
ng, 3 119 Monroe Street Garfield, New Jersey 
s and m §6zero to full load: d 





Manufacturers of Vacuum Tube and Spark Gap Converters since 1921 
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(Vitreous Silica) 


This Ultimate 
CERAMIC 


or 


SINTERING AND CHLO- 
RIDIZING 

HEAT TREATMENT OF 
METALS . 
EVAPORATING, CON- 
CENTRATING AND CRYS- 
TALIZING ACID SOLU- 
TIONS 

CONTROLLED ATMOS- 
PHERE TECHNIQUES 
HIGH TEMPERATURE 
ELECTRICAL APPLICA- 
TIONS 

GAS, COAL AND COKE 
ANALYSIS 

PRECIOUS METAL REFIN- 
ING 

METALLURGICAL ANAL- 
YSIS AND RESEARCH 


VITREOSIL is superior to both glass and porcelain for these 


and many other exacting 


applications in metallurgy . 


Vitreosil possesses the highest temperature shock resistance 


of any ceramic material... 


. It is practically immune to the 


severest acid conditions, is free from metallic impurities—non- 
porous—light in weight, and has high electrical resistivity at 
elevated temperatures. VITREOSIL is suitable for continu- 


ous use up to 1000-1100°C. 


THE THERMAL 
12 EAST 46th 


STREET, 


VITREOSIL is available 
without restrictions, in the 


following forms: 


CRUCIBLES 
MUFFLES 
RETORTS 
PIPES and FITTINGS 
TANKS 
TRAYS 
IMMERSION 
HEATERS 
COMBUSTION 
BOATS 
DRAWN ROD 
and TUBING 


For explicit data and prices, 





write for bulletins. 


SYNDICATE, LTD. 
NEW YORK 17, N. Y. 

















Wedges, with indicators graduated g 
0.001 in., located between cam plates and 
plates on the mill housing, provide fo, 
adjustments and can be made to give the 
effect of a crowned roll. Reciprocation js 
done by a motor directly connected to g 
crank drive, with connecting rods mounted 
on crank pins integral with the gears and 
cross heads directly connected to the mill 
housing. The stroke may be either 36 of 
32 in. long. Coolant from an 800-gal. tank 
is sprayed on the rolls at 30 gal. per min 

The peak load is 150 to 175 hip. foe 
16-in. width material, equivalent to 19 
h.p. to each inch of width. Gripper jaws 
are pneumatically operated and return rap- 
idly to their original position. After being 
rolled, the material goes to a blocker of 
reel, handling a maximum coil 20 in. jp 
diam. 

Strip rolled by the Krause method shows 
a finer and more even grain structure than 
is secured by conventional rolling practices, 
Olsen cup tests show no variation from strip 
rolled by other methods. In conventional 
rolling, copper sometimes cracks along the 
edges 144 in., but maximum on Krause 
mills is 4 in., averaging less. 

Delivery speed, a maximum of 30 f& 
per min., is relatively slow, but economy 
lies in complete reduction in one operation 
and without intermediate annealine, mak- 
ing, too, for a more compact mill talla- 
tion. Lewis engineers are developing the 
welding of bars end to end to make a 
continuous process. The relatively slow 
delivery suggests straight line continuous 
annealing and pickling from the discharge 
end of the mill without rehandling 

The accompanying photograph ludes 
the entry side, showing a portion the 
slab as fed and the thinner portion near 
the housing where the reducing process has 
been at work 


@ Carboloy Co., Inc., Detroit, h dded 
a \4-in. size tool to styles 4 and ight- 
and left-hand standard turning to's for 
use on small, high-speed, high precision 
lathes and in boring bars and too! holders 
for fine work. The new standards available 
from stock in Grade 78 for steel cutting 
and in Grade 883 for all other materials 
have a 4-in. square shank 114 in. long. 
They carry a tip 3.32 in. thick, 3/16 in. 
wide and 5/16 in. long. 


General Purpose Hydraulic Press 


A 100-ton general purpose hydraulic 
press of gap frame construction was recently 
built by the E. W. Bliss Co., 53rd St. and 
Second Ave., Brooklyn 32. It features rug: 
ged frame construction and smooth enclo- 
sures. The slide is accurately guided by 
adjustable gibs. 

Although for manual control, the elec 
tric control used on straight side single 
action presses is available for automatic 
reverse, either by pressure or position. 

For small production, the pumps af 
usually mounted in the frame of the press, 
while for high-speed production the pump 
is mounted on top of the frame. Modifice 
tion of the bed and slide can be readily 
made for special purposes. Horn-type presses - 
are also available in this series. 
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HIGHLY DENSE PART 


fer STRUCTURAL, ELECTRICAL AND MAGNETIC APPLICATIONS 


Investigate | v¥ Lower manufacturing cost 


Vv Increase production capacity 
POWDER METAL PARTS 


Vv Eliminate waste and scrap 


for these advantages v¥ Release machine tools 


AMERICAN ELECTRO METAL CORPORATION 


320 Yonkers Ave. Yonkers, N. Y. 
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It’s the new bond that gives the 
ultra smooth finishes you get with 
Chicago Grinding Wheels— 
Precision finishes undreamed of 
before— 

Finishes so accurate that you 
can measure them in micro 
inches with a Surface An- 
alyzer. 








Whatever you have to finish—metals, alloys, plastics, wood, laminates 


or composition materials—you can do it better with Chicago Wheels. 


Chicago Wheels have kept pace with the precision requirements of 
our war industries, and you can use them with confidence to finish 
civilian goods better in double quick time. 


CHICAGO GRINDING WHEELS 


A wide range of grains and grades and—for the duration—sizes up to 3” in diameter. 


We'll send without charge a Mounted Wheel or an FV Bond 


TRY ONE FREE Grinding Wheel. Tell us size you’d like. 


CHICAGO 
MOUNTED WHEELS 


The first made and the finest 
today. In a selection of bonds, 
abrasives and shapes to handle 


Write for Catalog listing all Chicago 
products and showing comparative photo- 
graphs of finishes with different kinds of 
W heels. 


CHICAGO WHEEL & MFG. CO. 


Headquarters for Mounted Wheels and 
Small Grinding Wheels 
1101 W. Monroe St., Dept. ME, Chicago 


each job more efficiently. 





7, Tilt 


*Half a century of Specialization has established 
our Reputation as the Small Wheel People of the 
Abrasive Industry. 


Send Catalog. ME-10 
Oo Mounted Wheels. [_] Grinding Wheels. 
[] Send Test Wheel. Size........ 


Interested in 


a a a 
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Continuous Bright Annealing Furnace 


Coils of silver solder wire are clean an. 
nealed in an open fired chamber of a new 
furnace without the need of muffles of 
external atmosphere generating units. The 
right atmosphere is controlled from the 
gas proportioning equipment, which regy. 





lates the air-gas supply to the burners. The 
furnace was built by W. S. Rockwell Co, 
50 Church St., New York. 

The furnace has a continuous mesh belt 
conveyor that carries the solder through an 
entrance vestibule, the heating chamber and 
the cooling section, the latter two being 
kept filled with the atmosphere formed by 


the burning of the gas in the furnace 
chamber. Such an atmosphere is also found 
satisfactory for bright annealing a: lean 
annealing of copper, brass, nickel silver and 
sterling silver products. However, the fur- 
nace can be equipped with an alloy muffle 
for bright annealing other material's that 
would require special atmospheres pi duced 
in an outside generator. 

The alloy mash belt conveyor has a unique 
air cylinder take-up to keep the pressure 
against the belt uniform and constant and is 
driven from the charging end tl gh a 
variable speed drive. Driving the be!: from 
the charging end has proven to in se the 
length of conveyor life. 

The charging and discharging ves- 
tibules have curtains to exclude air and to 
keep *a reasonably positive pressu: ithin 
the furnace. The discharge retort is water 
jacketed for about a 5-ft. length, ich is 
followed by a water spray section for fast 
cooling of the work prior to discharyze. The 
heating hearth is of alundum tile, overlaid 
with alloy wearing strips. 

The furnace is suitably refractory lined 
and insulated, and is fired by gas burners 


under and over the hearth. Two alloy 
3000 C.F.M. fans in the arch circulate the 
atmosphere uniformly over the entire fur- 
mace Capacity and its contents at a tempefa- 
ture of 800 to 1200 F. 

The operating temperature depends on 
the. kind of alloy to be annealed and the 
required speed of travel of the conveyor 
through the furnace. The time of work in 
the furnace can be set for a range of 10 t0 
60 min. 


@ A water-soluble paint stripper that loos- 
ens paint for speedy removal by hosing 
off with water has been developed by Twrco 
Products, Inc., 6135 S. Central Ave., Los 
Angeles. A clean paint-free surface is left, 
requiring but little after-treatment to pfe 
pare for further processing. Called ‘Turco 
Stripper L-780,” it is nmom-corrosive 08 
metals. It is good for removal of zinc 
chromate primer. 
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Weld with 
Phillips’ Crucible Are 


Special Purpose Welding Electrodes 


oon 8 





TO CUT PRODUCTION COSTS 
AND PLUG PROFIT LEAKS 


Ms There is no magic or mystery about the materials or procedures on the 


Ie special jobs for which PHILLIPS CRUCIBLE ARC Electrodes are recom- 
r mended. The single basic principle is that welding is done with heat. The 
rs right electrode applied with the proper control of heat will produce the 
: desired properties in the deposit—not sometimes but always. The correct 
df procedures are easily mastered. 

in 

id 





le IN FOUNDRIES 


Quic! . inexpensive repairs to defective gray iron cast- 
ae ings duce serap losses and increase net production. 
. Minc mistakes in design are corrected. Changes in ° 
a desi ire effected without repouring. Are weld de- 
m = el > * 
a posi mn gray iron castings are machinable through 
r . 7 ~ 
p = the of fusion when made with PHILLIPS “600” 
° . 
Kle« le. 





is | IN MACHINE SHOPS 


Ast 

he When defects in iron castings are discovered after 

id . . 

“ — machining is started, they are corrected by are weld- THESE NEW WELDING MANUALS 

ed ; ing. Your investment in set-up and machining time ARE FREE 

rs , 

r: is protected. Y ‘ : as 4 Ways to Salvage, Reclaim and Conserve Iron 

oy protec ou save the delays caused by waiting Cileicas 6) Blocsic doe dia 

he § for replacement castings to arrive. Mistakes in ma- Tells how to select electrode material for various job 
= a requirements, and gives full details of procedures to 
rae chining are corrected by the same procedure. use for best results with each material. 


i Arc Welding in the Maintenance and Construction 


fe IN TOOL AND DIE ROOMS beeen ePegaa 


Explains the theory, outlines procedures and furnishes 














- the engineering data which you need for successful 
in Many tools and dies are fabricated at low cost by welding in the tool and die shop. 
to , : Mean Either one or both of these valuable books will be sent 
arc welding machine steel parts and then depositing promptly on request, and without obligation. 
5 the proper type of alloy steel at the required points. 
s+ FF r : : * 
a a Worn and damaged dies are restored to service. 
id 


co Design changes are made on short notice. “CRU- 


&. | CIBLE-ARC” Electrodes are available for water-, @ ( £ PHILLIPS & COMPANY 


vil-, and air-hardening steels. 











vs 2750 Poplar St., Detroit 8, Michigan 
nc 332 So. Jefferson St., Chicago 6, Illinois . 





MANUFACTURERS AND DISTRIBUTORS OF WELDING ELECTRODES AND SPECIALTIES 
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R&H 


Hydrogen Reduced 


TUNGSTEN 
Metal Powder 


for Finer Better Products 


HE high uniform purity and 

complete control of particle size 

are recognized outstanding features 
of R & R TUNGSTEN METAL 
POWDER. 


This product has aided in war mate- 
rial production. 


It will be even more vital in the 
change over to peace production and 
the reconversion era to come. 


The maintenance of our present high 
standard of quality is assured to every 
manufacturer in every field where 
Tungsten Metal Powder is used. 


For the Cutting Tool Industry we offer our XXX 
A Hydrogen Reduced TUNGSTEN METAL 
POWDER, Purity 99.9+ per cent. This mate- 
rial is an important factor in the production of 
high quality tools and dies. 


In ELECTRONIC Products our XX Brand 
Hydrogen Reduced TUNGSTEN METAL POW- 
DER, Purity 99.9+- per cent is giving highest 
satisfaction to manufacturers. 
Our Special XX TUNGSTEN METAL POW- 
DER is unequalled for the production of wire 
and contact points. Used by leading manufac- 
turers. 
We also produce TUNGSTEN METAL 
POWDER according to any given specification 
and particle size. 
Inquiries are invited. Litera- 
ture on TUNGSTEN METAL 
POWDER and its compounds 


sent on request. 
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Plug-In Timers for Resistance Welders 


The new improved Weltronic universal 
timers for resistance welder control, with 
interchangeable “plug in” type control 
panels, make possible the conversion of 
timing controls to any of the NEMA stand. 
ard types in only a few seconds, and bring 
a new conception of flexibility, states the 
Weltronic Co., 19500 W. Eight Mile Rd, 
Detroit 19. It permits any resistance welder 
to be immediately available fog any type 
of welding within its capacity. 

Use of a flexible cable, multi-point plug 
and receptacle for the interconnection be. 
tween a control panel and the power supply 
unit, plus a slotted-hinge type panel mount, 
reduces the removal of a control panel to 
a simple swing-out, pull-plug, lift-off hand 
operation. Another panel of either the 
same, or for a different type of welding, 
can be set in just as easily. 

Provision of a spare control panel to 
quickly replace any one of a group in 
service permits the inspection or servicing 
of all welder controls to be performed with- 
out shutting down of any of the machines, 
Then, too, the servicing can be done away 
from the production department and where 
proper facilities are available 

The Universal power supply is 
adaptable for 115, 230, 575, or 460 volt, 
50/60 a.c. by merely shifting one jumper. 
The entire unit is mounted on a single 
panel that can be removed, for servicing, 
by taking out four screws. 

A minimum of moving parts, fewer and 
less expensive tubes and interchanzeable 
component parts, made possible by the use 


of exclusive Weltronic timing circ re- 
duces maintenance to a minimum eci- 
sion timing, fully electronic and ad ible 
by easily read dials accurately calibrated in 
cycles, is provided for wide ranges of Ider 
electrode movement and pressure sequences, 
Each ‘time adjustment is independent of all 
others. 


@ ‘“Pliastic’” cement is a mew synthetic 
resin adhesive of Paisley Products, Inc., 
1770 Canalport Ave., Chicago 16, a soft 
white fluid cement, used as is, or reduced 
with water. It can be applied by six kinds 
of devices, brush to spray gun, and is suit- 
able for binding a host of materials, in- 
cluding metals. When dry, it is a semt- 
transparent, glossy, flexible coating with 
used as a replacement for rubber latex. 

excellent heat sealing properties. It is often 


Two Induction Heating Innovations 


A new type two-station radio frequency 
electronic heating machine and a new supe!- 
silent water-cooled motor generator set fof 
use in 3000 to 9600 cycle Tocco units were 
shown for the first time at the National 
Metal Congress in Cleveland by the Obi 
Crankshaft Co., Cleveland. 

The new electronic machine has a normal 
frequency of 450,000 cycles and a 20-kw. 


(Continued'‘on page 1438) 
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Is difficult maintenance a problem? 
Maybe excessive wear due to inefficient 
lubrication is the cause. That’s where 
Sinclair specialized lubricants can help. 


SINCLAIR GENERAL PURPOSE OILS 
and GREASES offer a compact group for 
safe lubrication of equipment on 3-shift 
operation. 


a 


Mh 


eans Better Maintenance 


Sinclair also offers a diversified line 
of cutting oils designed for greater pre- 
Cision and finer finish in all types of 
machining. 


(Write for “The Service Factor’ — published 
periodically and devoted to the solution of 
lubricating problems.) 











FOR FULL INFORMATION OR LUBRICATION COUNSEL WRITE SINCLAIR REFINING COMPANY, 630 FIFTH AVENUE, NEW YORK 20, WN. Y. 
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oe of dependable alloys in any quantity desired. 
Write or telephone us today. 


CALL BUFFALO FOR 
IMMEDIATE SHIPMENT 
TEL.—RIVERSIDE 7812-3-4 





NIAGARA FALLS SMELTING AND REFINING CORP. 


Buffalo, New York 
AMERICAS LARGEST PRODUCER OF ALLOYS 





os 70 pes pounds of pee per year, assures. 





output capacity. It is the first tube type unit 
with two independent work stations, oper. 
ated at the same or widely different fre. 
quencies. This gives versatility for brazing 
hardening, annealing, soldering or heating 
of small parts. One-station models in the 
tube classification are available. 

With the water-cooled motor generator, 
high frequency induction heating is possible 





where high heat and grimy shop conditions 
prevail. It is hermetically sealed to keep 
out foreign matter. 


The electronic machine is self-contained, 
with work pan, power units and all controls. 
Sub-assemblies are mounted on beds, rest- 
ing on flat metal tracks, enabling the entire 


. e . 
assembly to slide out of the cabiner. Fea- 
tured are shock mounting of tubes and 


power contactors, while tube filamen: volt- 
ages automatically are held constan: over 
a wide range of line voltage variati: 

No manual adjustments are ded. 
Matching transformers are so locate. that 
the unusually high voltage does n yme 
out at an exposed spot. Inductors a fely 
grounded 

A pistol-grip handle changes the plate 
voltage taps while a dial with a tap switch 
for the grid drive is at the rear trol 
station. The grid bias control is the 
front meter panel. The _ tubes, and 
water-cooled, use a 3-phdse line »ply. 


The machine works on 220-440 vol 

Installation means hooking up three con- 
nections: Power and the inlet and outlet 
water lines. Skilled operators are not 
essential. 

Three major features are in the new 
generator. It is absolutely silent full 
operating power; resilient mountings elim- 
inate vibrations; foreign matter cannot en- 
ter. Within the cooling jacket are 16 chan- 
nels or water and air ducts extending the 
full generator length, easily cleaned. Water 
cools even the generator bearings. Ventila- 
tion within the generator is accomplished 
by a blower. 


@ A new slide rule and decimal point 
locator is announced by ‘Pickett € Eckel, 
53 W. Jackson Blvd., Chicago 4. It enables 
persons with a limited mathematical back- 
ground’ to solve and place the decimal point 
up to 19 places in difficult problems, 10- 
volving cube root, square root, log and 
trig factors. The makers claim that theif 
new rule does four things not accomplished 
by other rules. 
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WE ANNOUNCE the recent addition to the Murex line of 
Type MA—the first true Grade E-7011 electrode. A general 
purpose rod, which handles easily in all positions, Type 
MA is designed primarily for A.C., but may also be used 
with D.C., reverse polarity. It deposits weld metal of high 
tensile strength and can be used on Carbon-Moly. and 
other 70,000 P.S.I. steels. 

Further information on request. 
































IN THE MELTING OF ASPHALT, temperatures up to 2,000°F. are generated by 
the heat flue system, which is welded with Murex Electrodes by Littleford 
Inc. The melting kettles are also fabricated with Murex and, 
ccording to the manufacturer, the welds stand up under the terrific 
heat “exceedingly well.” 


THE MACHINE TOOL INDUSTRY 
speeds vital production 
through the use of arc 
welding. Other advantages 
of welded construction are 
ample rigidity with less 
weight than obtained with 
castings, and lower cost. 
The base illustrated was 
welded from flame-cut 
plates by The Dayton Fab- 
ricated Steel Co., with 
Murex Type FHP elec- 
trodes —“hot” downhand 
rods which produce sound, 
X-ray clean welds of high 
tensile strength and good 
appearance. 






OPERATING INCHES deep in coal dust, these spur 
gears have been driving the mechanism for con- 
veyor and cleaner cones since 1932. The gears 
are cut from Murex welded gear blanks, fabri- 
cated by Lukenweld, Inc. from rolled steel 
plate, which is free from blow holes, sand 
poc kets or other internal defects sometimes 
found in poured blanks. 





j 





ELECTRODE RESEARCH and development work is 
carried on at the Metal & Thermit laboratory at 
Woodbridge, N. J. Raw materials, including the 
core wire and flux ingredients, are carefully ana- 
lyzed in order to produce electrodes of certain 
pre-determined characteristics. Electrodes are 
tested for their operating and deposition char- 
acteristics and the quality of the weld metal. 
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Three 15,000 CFH Kemp Atmos-Gas Producers for a Leading Steel Mill 


Sfecify “The Kemp Atmos-Gas Producer 
for Controlled Metallurgical Atmospheres” 


The Kemp Atmos-Gas Producer is available in Standard sizes ranging 
from 1,000 to 50,000 CFH. Combusting ordinary fuel gases, one basic 
design (with suitable modifications) provides a proper, variable and 
controlled atmosphere for such diverse heat-treating operations as: 


HIGH CARBON AND 
ALLOY STEELS 
Annealing 
Bright annealing 
Bright hardening 
Tempering and hardening 
Reduction and sintering 
Normalizing 








Address The C. M. 
Kemp Mfg. Co. 405 E. 
Oliver St., Baltimore- 
2, Maryland 


Renner ee 


KEMP of BALTIMORE 


aie 


STEELS 
Annealing 
Bright annealing 
Tempering and hardening 
Gas carburizing 

* Furnace brazing 
Short cycle hardening 
Reduction and sintering 
Normalizing 


BRASS 


COPPER 


Ask for Bulletin 101.14 


OTHER KEMP PRODUCTS 


Inert Gas Producers 

Adsorptive Dryers for Air and Gas 

The Industrial Carburetor for premixing gases 
Immersion Heaters 

Submerged Combustion Burners 


A complete line of Industrial Burners, and Fire Checks 


Clean annealing 
Furnace brazing 
Silver soldering 


Bright annealing 
Furnace brazing 
Silver soldering 
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New Temperature Control System 


A new type of Micromax electric contro] 
for electrically-heated furnaces, ovens, etc. js 
announced by Leeds & Northrup Co., 4934 
Stenton Ave., Philadelphia 44. Called the 
“Duration-Adjusting” type, it not only reg. 
ulates electric input to hold temperature at 
a selected control point, or to a program, 
but holds so well as to promote most effi. 
cient balance among product uniformity, 
speed of output and flexibility of operation, 

Input is either “full-on” or “full-of” 
It automatically controls the time during 
which current is on or off. It provides full 
proportional time action as compared with 
the more familiar-full proportional posj- 
tioning action, as well as automatic droop 
correction. It can be equipped with over- 
shoot control, valuable when the furnace 
is coming up to temperature. 


@ A stable, adherent non-reactive cupric 
oxide coating on copper alloys that gives 
high adhesion of laquers, paints and enam- 
els under severe weathering is announced 


by the Enthone Co., Elm St., New Haven, 
Conn. Called “Ebonol C,” its inert re 
prevents reaction between it and the orvanic 
finish. The finish obtained is nap-like, pre- 
senting a relatively absorbent base for the 
paint to be anchored to. Alloys wich 60 
to 100% Cu can be treated. It is not 
suitable for clear lacquers, etc. beca of 


its dark color. Operations are at 2!') F., 
with treating time 10 min. 


Diamond Dies for 
Electronic Equipment 


Electronics depends on super-fine es, 
and improved techniques have been de- 
vised for production of diamond dies for 
drawing such wires, states the War /ro- 
duction Board. Scientists have divulged de- 
tails for drilling the precisely-shaped minute 
hole in a diamond by an electric spark shot 
from a platinum needle while both are 
immersed in a chemical solution. 

Diamond dies for producing wires of 
spfderweb fineness will be manufactured 
more quickly and economically when finely 
reduced to commercial practices, according 
to Bureau of Standards scientists who per- 
formed the research under WPB auspices. 

Eighteen months are needed to train 
polishers and drillers of small diamond 
dies of the best qualities, for which demand 
is much greater than supply. Production 
of superfine wire (0.0015-in. and smaller) 
increased about 11% the first half of 1944 
over the same period in 1943, although 
only 58% of the number of dies was re- 
quired to draw the greater quantity of wire 
indicating improvement in die manufac- 
ture and better utilization of dies. 

Several wire makers are making tests to 
ascertain whether Brazilian diamonds pro- 
duce superior, though more expensive, dies 
than those from South African diamonds. 
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Precision stampings, using unusual alloys, of intri- 
cate contour and produced to closest tolerances in 
Presteel’s modern plant, have helped many manufac- 
turers to lower the costs of parts or products formerly 
made of forgings or castings. 

Because most of our work is beyond what other shops 


1, N.B. Dunbar, 100 Barber Avenue 
Worcester 6, Massachusetts 

2. George E. Quigley, Inc., General Motors Building 

Detroit 2, Michigan 

3. G. Henry Jernberg, 17 East 42nd Street 
New York 17, New York 

4, Albert S. Johnson, 211 South Chester Road 
Swarthmore, Pennsylvania 

5, Albert H. Dervin, 217 18th Street N.W. 
Canton 3, Ohio 

6. Bertram Bredy Company, 549 West Randolph Street 
Chicago 6, Illinois 

7. Walter J. Hansen, 619 Stinard Avenue 
Syracuse 4, New York 


WI oRCESTER 


tamping Service 











can do, customers for Presteel stampings are located 
in every section of the country. Our nearest repre- 
sentative will be glad to discuss drawing or forming 
problems with your engineers and the extensive 
experience of the Presteel engineering staff is al- 
ways at your disposal. 


8. R.A. Brand, 5315 North 16th Street 
Arlington, Virginia 
9. Lawrence H. Burns, 837 Potomac Avenue 
Buffalo 9, New York 
10. G.R. Marshall & Company, Confederation Life Building 
12 Richmond Street, East, Toronto 1, Ontario, Canada 
11. A.M. Ferguson, 1235 Gaylord Street 
Denver 6, Colorado 
12. J. Edwin Aspinall, 314 East New York Street 
Indianapolis 4, Indiana 
13. E.C. Hanpeter, 1502 St. Louis Avenue 
St. Louis 6, Missouri 
Walter P. Alexander, 420 Market Street 
San Francisco 11, California 


911 Barber Avenue, Worcester 6, Mass. 


1944 


ALLOY STEELS AND OTHER METALS COLD FASHIONED SINCE 1883 
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FREE JOHNSON CATALOG 


JoHNSsON 





Gas AppLuiance Co. 
521 E. Ave. N.W., Cedar Rapids, Iowa 


Please send me Free Complete Johnson Catalog. 
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@ Said to completely eliminate all danger 
of over or under-tightening, thread strip. 
ping and material damaging a new torque 
screw and bolt driver is announced by Rich. 
mont, Inc., 215 W. Seventh St., Los Ange. 
les. It is 734 in. long, with a 1.30-in. diam. 
handle. Called the “Roto-Torq,” is may 
be adjusted to any torque desired between 


l in.-lb. and 25 in.-lb. It.operates on gq 


new spring principle. 


Annealing Brass Cartridges in Salt 


A full anneal of brass cartridge cases on 
a continuous production heat treating basis 
is being done in a Detroit plant with the 





longest continuous conveyor-type sa ath 
furnaces in the U. S., with une lled 
absence of oxidation. The anneal the 
brass is both full and bright. Th re 
made by the Upton Electric Salt B ‘f- 
nace Div., 7450 Melville Ave., it, 
Mich. 

The cases come out without the s est 
trace of oxidation, neither pickli 10r 
other cleaning being required. T\ uf- 
maces are used, each capable of an: ng 


6,000 Ib. of brass per hr. The first «ives 
a full anneal at 980 F. before nosing. The 
second full anneals at the same temper ture 


| after nosing. Each furnace replaces ten 


non-continuous furnaces previously used, 
and paid for themselves in the first three 
weeks of @peration. 

Cases are lowered into the molten salt 


| at one furnace pot end and moved through 
| at 60 ft. per min.. A “turn-around” area 
| at the other end permits the conveyor to 


bring the cases backethrough the pot to 


| complete the full anneal. Drag-out of salt 


is at a minimum. 

Three shell cases are suspended from each 
hanger of the conveyor, thus taking full 
advantage of the entire width of the pot. 
All is automatic except an occasional shovel 
full of replenishing salt. 

Temperature of the bath is kept within 
+5 F. by automatic electric temperature 


| control. An emergency horn blows ii the 
| temperature goes wrong (but it has never 


been sounded). The first furnace has been 
in continuous operation for 18 mo. and 
has been shut down only twice for cleaning. 

Electrodes enter the sides of the furnace 
instead of being thrust in from above the 
surface of the salt, thus insuring uniform 


(Continued on page 1444) 
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One of the many vital processes that 
give Machlett vacuum tubes their re- 
markable quality is a novel method of 
casting electrodes in a vacuum. Anodes 
for X-ray tubes, and complex parts of 
high-frequency oscillators are made by 
this unusual technique. Purified copper 
rod is placed over a mould in a gra- 
phite crucible, and the whole enclosed 
1 a double-walled water-cooled 
quartz-silicon tube, which is encircled 
by a high-frequency coil. A vacuum of 
about 105mm. of mercury is maintained. 

When the current is turned on, the 
metal melts and flows into the mould. 
Cooling is precisely controlled by ad- 
justing the position of the heating coil, 
so that crystals form longitudinally, for 
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Casting 
ina 
vacuum— 


Electronically — 


maximum heat transfer under operat- 
ing conditions. 


This method accomplishes a number 
ML-846—An U. H. F. 


transmitting tube for 


of things, quickly and simply. No gases 
can be occluded in the metal to shorten 


television and F. h 
tube life by reducing the vacuum. . and short wave 
Oxides cannot form. There are no pisncnseins 
“pipes” in a casting thus poured. Di- 
mensions can be held to about 
1/10,000th of an inch—and accurate 
dimensions are as important as metal 
purity in protecting tube performance, 
both assuring the maximum designed 
performance and long life. Techniques 
such cs this make possible the pro- 
duction of the tube shown above... 


Machlett Laboratories, Inc., Springdale, AY TUBES SINCE 1898 
Connecticut. TODAY THEIR LARGEST MAKER 
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This 
LIGHTWEIGHT INSULATING BRICK 


does *‘T)ouble Duty”’ 


in Furnace Walls 











CONVENIENT 13*2 x9” SIZE—EASY TO HANDLE 
REDUCES WALL JOINTS 65% 








” Se es: 
i q > y % Sass * 4 is 3 , Pe : ‘ : * ‘a 
‘THERM-O-FLAKE. 
INSULATION: 
oo: 2. a absorbs expansion stresses. 


. Coating — Seals and insulates — 


Protects furnace steelwork and plating from ex- 


cessive heat with a strong resilient cushion which 











KEEPS HEAT INSIDE FURNACE WALLS 


Excellent insulation— a 4!/2 inch thickness being 


equivalent in heat flow resistance to more than 
29 inches of fire brick. 


Find out how quickly THERM-O-FLAKE Brick 
will pay back theip.cost in reduced furnace heat 


losses. For specific data, indicate type of furnace 





and approx. operating temperatures in writing to: 


Therm-flake’ prick 


FOR HOT FACE TEMPERATURES UP TO 2000° F 


Athos 
( hu Produ i | 


Waly 
( i / HUT 
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temperature. Transfer of current through 
the salt generates the heat at the bottom 
of the pot rather than above that point. 

The flow of heated salt circulates up- 
wards, thereby heating the entire contents of 
the bath evenly. Such electrodes, not ex. 
posed to combined action of salt and ox. 
ygen, last almost indefinitely. 

Inexpensive commercial nitrate salts are 
used, and only 20% of the volume of salt 
previously used is now required. 


@ Release of an electronic circular chart 
electric controller for manufacture of either 
war or civilian goods is announced by the 
Brown Instrument Co., Philadelphia. This 
is one of the first of its several electronic 
instruments to be released in quantities and 
with no rationing system planned. This 
recorder is being used in the metallurgical 
and chemical industries. The release stip- 
ulations specify eight weeks for delivery 
of two models. Each model will have sey- 
eral new features, including a control point 
index, .which is in red and of the same 
general shape as the black temperatire 
pointer. 


Shop Peening Machines 


A series of machines for throwin» shot 
with centrifugal force upon metal si :faces 
to improve their quality is annour by 
American Foundry Equipment Co., »5 §. 
Byrkit St., Mishawaka, Ind. In-the ‘\ heel- 
apeening” machines, a rain of meta! hot 
is directed against gears, springs, a> etc 
at high velocity. Each shot makes iny 
dent, the cumulative effect being t tch 
the surface layers by cold working put 


them in a state of residual com ion 
where fatigue cracks cannot start. 

Assume that the work to be peencd is 
a torsion bar. This is placed on sk-wed- 
dished rollers, outside the machine, which 
convey the bar through the machine, fo- 
tating it so that all surfaces are exposed 
when inside the machine. Within the ma- 


chine a “Wheelabrator” hurls a rain of shot 
at high velocity onto the surfaces of the 
bar. This is a mechanical unit that uses 
controlled centrifugal force instead of com- 
pressed air for throwing shot, hence is 
cheaper. 

Shot is fed to the center of the bladed 


wheel from an overhead storage hopper, 
whence it is thrown upon the work. An 
impeller rotates with the wheel proper and 
carries the shot to an opening in the sta- 
tionary control cage, where it discharges 
to the bladed section of the wheel. Then 
the shot is picked up by the inner ends 
of the throwing blade, being gradually ac- 
celerated to the wheel’s periphery. The 


final throwing velocity is the result of radial 
and tangential forces. 
Provision is made for the continuous 


reuse of shot, for removal of broken shot 
and dust, and the addition of new shot. 
The equipment promotes much higher 
speeds, reduces power requirements by 80%, 
and saves costs. 
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Announcing —the new Norelco 


Geiger-Counter X-Ray Spectrometer for Process 





iGNED and engineered by an organization with a back- 
| ound of over 50 years in electrical research, dev elopment 
a ianufacture, the new Noretco Geiger-Counter X-Ray 
S rometer is a revolutionary dev elopment based on newly 
ap, ied principles of diffraction technique. Using a direct-reading 
m \d, no film is required. The speed of analysis is increased 
anc greater accuracy obtained. 


e Spectrometer is simple, rapid and easy to operate. It 
provides a fast medium for the qualitative and quantitative 
analysis of crystalline and certain amorphous materials, quickly 
identifying chemical substances present and their state of 
chemical combination. 


Components of mixtures in the order of one per cent and 
often less can be measured. Under optimum conditions of 
resolution, diffraction angles are obtained with an accuracy of 
+0.03 degree. 


Identification of certain substances has been effected in as 





OTHER NORELCO PRODUCTS: Quartz Oscillator Plates; 
Cathode ‘Ray Tubes; Searchray (industrial X-ray) Equipment; Medical X-ray Equipment, Tubes 
and Accessories; Electronic Measuring Instruments; High Frequency Heating Equipment; Com 
munications Equipment; Tungsten and Molybdenum products; Fine Wire; Diamond Dies. 


Control and Research 





Simplicity of operation and speed 
of siuddine direct readings are 
outstanding features of this new 
Spectrometer. 


little as 10 minutes. By concentrating on characteristic identi- 
fying reflections, analysis time 
hours to minutes, making the $ 
able in process control where the time element is of highest 
importance. 


can freque ntly be reduced from 
Spectrometer partic ‘ularly valu- 


The specimen intercepts an X-ray beam in such a manner 
as to deflect portions of the beam at various discrete angles 
over a quadrant scale. The reflections are located by means of 
a highly sensitive Geiger-Counter tube mounted on a movable 
arm that traverses the scale. Radiation intensity is integrated 
and totalized by an electro-mechanical counter, while average 
intensity is indicated by a microammeter, both connected to 
the Geiger-Counter through electronic circuits. 


Judging from results already obtained, the Noretco Geiger- 
Counter X-Ray Spectrometer will have a wide field of appli- 
cation as a research instrument and as an industrial tool. Write 
today for descriptive literature, prices and delivery date. 


Amplifier, Transmitting, Rectifier and 


It will pay you to visit our Industrial Electronics Showroom when in New York. 


Oreico eet NORTH AMERICAN PHILIP 5 COMP ANY, INC. 


Reg. U.S. Pat. Off. 


Dept. M-11, 100 East 42nd Street, New York 17, N. Y. 


Factories in Dobbs Ferry, N. Y.; Mount Vernon, N. Y. (Metalix Div.); Lewiston, Me. (Elmet Div.) 


Represented in |Canada by Electrical Trading, Ltd., Sun Life Bidg., Montreal, Centre 2; 
in England by Philips Lamps, Ltd., Century House, "Shaftesbury Avenue, London, W.C.2. 
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Products being treat- 
ed in EF Chain Belt 
Furnaces, include: 


Sprockets 

Cap screws 

Bolts and nuts 

Gears and pinions 

Flat springs 

Coil springs 

Small forgings 

Valve springs 

Spring plates 

Tractor links 

Rivets and washers 

Wrench & tool parts 

Bearing parts 
—cups and cones 

Machine gun 
cartridge clips 

Aircraft engine parts 

Automotive parts 

Rock bits, and many 

other products 
































Products requiring several 


ot requiring screw machine 


production line. 


The Electric 


(sa ‘ a 


Aluminum, 






<= 


For Hardening Small Parts 


175 to 2000 Ibs. per hour 


Uniformity — Scale-Free — Continuously 


The above gas fired radiant tube chain belt furnace 
is one of three we installed in one plant. Hundreds 
are in operation handling products such as listed at 
left. We build them for gas, oil or electrically heated. 


The EF chain belt conveyor type furnace is one of 
the most satisfactory general purpose furnaces built 
for the continuous, uniform, economical production 
heat treatment of small and medium size products. 
We will be glad to send complete data on these and 
other types we build. 


Send for circulars showing the chain belt 
and other types of EF production furnaces 


The Electric Furnace Co., Salem, Ohio 


Gas Fired, Oil Fired and Electric Furnaces---For Any Process, Product or Production 
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The Complete Assemblies are Discharged 
Securely Joined, Bright, Continuously 


* > . 


forgings 


joined 


and stampings to complete the unit, can be 
neatly and economically joined right in your 


from EF Brazing Furnaces 


Strong, leak-proof joints are made and the 
completed unit is discharged from the furnace 
—clean and bright. 

Any number of joints in the same product or 
any number of pieces can be joined at one 
time. 


Investigate This Process for Joining Your 
Brass, Copper or Steel 


Parts. 


Send for printed matter showing various types of EF brazing furnaces. 


Furnace Co., Salem, Ohio 








@ A new, small, gas-fired rivet heating 
forge, handy in confined spaces, is being 
publicized by James H. Knapp Co., 4920 
Loma Vista Ave., Los Angeles 11. It oper. 
ates on compressed air and natural gas, and 
is complete with burner and control valves. 
Heating space is 8 in. diam. and 7 in. deep, 
The bottom lining of chrome refractory 
will not slag with rivets. It weighs 85 |b. 
and has lifting hooks for easy moving. [t 
can be furnished for operation on light oils. 


Cold Cathode Fluorescent 
Lighted Inspector 


A new cold cathode, no-starter inspector 
has been introduced by the Larrimore Sales 
Co., P. O. Box 1234, St. Louis 1. Five 
advantages of this equipment are listed: 
The “no-starter’’ works on-and-off like an 


ordinary old style incandescent; the fluores- 
cent tubing is in circular form entirely 
around the 5-in. magnifying lens (but 
shields from the lens), resulting soft, 
clear daylight with no shadows; ¢ life 
of the fluorescent tubes is 10,000 it 
operates on 115-v., 60-cycle a.c., w is 
converted by a small transformer v 
18 m.a. secondary, installed for sat ind 
efficiency; the transformer is in a ate 
housing, which can be fastened up the 
plug-in. 

The lighting principle is fully ap;:roved 
in other fields and is here offered the 
first time for inspection. The spons ost 
candidly and unusually admit thre id- 
vantages: (1) The on-and-off switcl ot 








be placed in the head, but must be in the 
transformer box near the plug-in; however, 
a pull cord is provided; (2) the replacement 
cost of the tubes and time needed to change 
is greater than with ordinary fluorescent, 
but the tube’s long life and shadow-free 


light compensates; and (3) the units are 
not available in the double lens types, nor 
for installation over grinding wheels of 
such locations. 


@ A 70-gal. dipping and melting tank for 
large volume production, called the “Wax- 
master Major,” is announced by the Aeroil 
Burner Co., Inc., 5701 Park Ave., West 
New York, N. J. Over 550 Ib. of wax can 
be melted and heated in 75 min. Electrical- 
ly heated, the thermostat regulates tempef- 
atures automatically from 100 to 550 F. 
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Knowledge of design and air flow and 
experienced craftsmen, many of whom 
have been making Spencer Turbos for 
a quarter of a century, all contribute 
to the outstanding records of perform- 
ance made by Spencer Turbos. 


In addition to bulletins on each of the 
standard types of Spencer Turbos 
shown above, we offer the Spencer 
Turbo Data Book which gives tables, 
formulas, electrical specifications and 
a description of many varied appli- 
cations. 


Advancing from the simple applica- 
tion on an oil or gas fired furnace to 
a score of special applications, from 
liquid agitation to Link Trainers, the 
Spencer Turbo-Compressor has scores 


Pie Keep your present Spencers well 
of uses in industry today. 


greased for the duration but plan for 
new post-war applications now. 


THE SPENCER TURBINE COMPANY @ HARTFORD 6, CONNECTICUT 


257-E 





RBO-COMPRESS 


NOVEMBER, 1944 1447 































































































Engineered 
Combustion 
Equipment: 


* Tempered—Fiame Burners 

* Long Flame Burners 

*® Multiple Jet Type Oil Burners 

* Combination Gas and Oil Burners 
® Emulsion Type Oil Burners 

® Nozzle Mix Burners 

* Blast Gates 

* Unit Oil Atomizer Burners 

® Manual Butterfly Valves 

* Automatic Butterfly Valves 

® Raw Producer Gas Burners 

* Fuel Oil Regulating Valves 

® Differential Oil Flow Control Valves 
* Air Control Valves 

® Hot Air Burners 

* Clean Air Producer Gas.Burners 


® Pressure-Balancing Ratio 
Regulators 


* and many other types of standard 
or specially designed equipment 
for regular fuels or standby con- 
version fuels 

















Bloom engineers design and build 
dependable, economical combustion 
equipment, utilizing any fuel or com- 
bination, including complete ready-to- 
operate systems to meet virtually every 
kind of special requirement, however 
unusual. This engineering service is 
available to aid in solving your tough 


combustion problems—write today. 


BLOOM ENGINEERED 
BUTTERFLY VALVE 


Built in standard sizes from 
3-inches to 30-inches or larger 
if required, Bloom manual 
operated Butterfly Valves 
embody all the outstanding 
precisionconstructionfeatures 
so necessary for positive con- 
trol. Large, easy-to-read posi- 
tion indicator gives accurate 
visibility of the valve position 
Write for informative bulletin 








Manual Type——— 








@ A sample of the new Coleman buffer 
tablet (5.00 pH) will be supplied to any 
chemist or metallurgist who requests it on 
his company letterhead, states Burrell Tech. 
nical Supply Co., 1936 Fifth Ave., Pitts- 
burgh 19. The sample has a pH of exactly 
5.00 pH when diluted in 100 ml. of warm 
distilled water. The tablet provides a simple 
and accurate method of preparing buffer 
solutions for the laboratory. The tablets 
are available in steps of 0.20 pH over the 
range of 2.00 to 12.00 pH. Twelve tablets 
of the same pH are hermetically sealed in 
a glass vial. Solutions are accurate within 
0.20 pH. 





Powdered Alloy for Tool Tipping 


The use of powdered alloy, mixed with 
flux, between tip and shank is often prefer- 
able to foil where carbide and high-speed 
steel tips are applied, states Eutectic W eld.- 
ing Alloys Co., 40 Worth St., New York 


13. The foil may become tarnished or 
oxided, requiring a temperature far above 
its melting point to* flow freely. It in- 


convenient to cut the foil into smal! 
for exact preplacing. 

Eutectic Welding Alloys Co. mentions 
one outstanding copper alloy and two :.!ver- 
copper alloys available in a fine powder 


eces 


for tipping. These alloys, are EutecRod 
1800, 1601 and 16. 

After degreasing and grinding, the pow- 
dered alloy is spread on the surfaces ‘o be 
joined and the tungsten carbide is 
placed on top. The assembly is heate. until 
the alloy melts. 

The metal flows freely at a ver ght 
increase in temperature above the ing 
point, since the weld metal is pu! zed. 
Oxidation of the tungsten carbide re- 
vented, as each particle of molte loy 
immediately “tins” and adheres to th- sur- 
faces being joined. 

EutecRod 1800, lowest melting, for 
high-speed steel, operating at 940 to 1140 
F.; the No. 1601, high tensile, is for cung- 
sten carbide, at 1020 to 1250 F.; the No. 


16, heat resistant and high tensile, is for 
tungsten carbide at 1300-1750" F., furnace 
temperature. 


@ Studies made by the Bureau of Mies 
of “the clay content of 22 natural molding 
sands indicate that many domestic clays 
can be used successfully by foundry opera- 
tors to produce synthetic sands for castings. 
It is found that the bonding material found 
in natural molding sands is similar in com- 
position to many clays, such as refractory 
shales, low grade fire clays or high grade 
fire clays. A copy of the publication, Report 
of Investigations 3774, “The Composition 
and Properties of Molding Sands—Part I. 
The Nature of the A. F. A. Clay Fraction 
Removed from Natural Molding Sands,’ 
may be obtained free from the Bureau of 
Mines, Department of the Interior, Wash- 
ington 25, D. C. 
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No. 1010 








Splash guard opened showing 
jet pipe for coolant; a companion 
jet is on the opposite side of the 
wheel, 


Complete view of cabinet show- 
ing storage bin for extra wheels 
and tools. 
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new 1 H.P. Cut-Off Machine 


A laboratory size cutter with ample power for 
fast cutting of samples up to 1" in diameter. 


This cut-off machine is built with the usual Buehler emphasis on precision in 
both the construction of the machine itself and the work it performs. The con- 
trols are arranged for the utmost convenience of the operator—a feature that 
contributes to speed and accuracy in cutting samples. 


The cutting wheel mounted directly on the ball bearing motor shaft is free 
from side play or vibration and is cooled by a stream of coolant directed on 
both sides of the wheel under the guard. 


The cutting is done on the front of the wheel by using the long lever handle 
to raise the clamp base holding the sample to contact the wheel. This mechan- 
ism is balanced so that pressure against the cutting wheel is under perfect con- 
trol at all times by the operator. A metal splash guard, removed in the illus- 
tration, furnishes protection from spray. n 


Overall dimensions are 24” x 28” x 50”. Shipping weight, 575 lbs. 


THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT INCLUDES . 


CUT-OFF MACHINES @ SPECIMEN MOUNT PRESSES e POWER GRINDERS 


EMERY PAPER GRINDERS © HAND GRINDERS ¢ BELT SURFACERS 
POLISHERS @¢ POLISHING CLOTHS ¢ POLISHING ABRASIVES 
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A PARTNERSHIP 
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ON THE 
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()' OTATIONS like the ones above prove that the Wheelabrator method of 


“ Airless Abrasive Blasting does a real cleaning job. 


Wheelabrated products are bright, silvery, and uniformly cleaned. Sand and scale— 
always impediments to fast machining and grinding, and detrimental to tool life—are 
removed right down to the virgin metal. By carefully choosing the correct abrasive 


any finish can be produced from fine to coarse. 


With Wheelabrating there are no chipped and 
rounded corners, and only a minimum of stock 
need be allowed for finish machining. You 
can handle a wide range of work—from fine 


springs to heavy armor plate. 


Put your products on the “preferred list’ by 
giving your customers the perfect cleaning that 
Wheelabrating provides. You can do this with- 
out extra cost, because the savings effected by 
the Wheelabrator will ordinarily pay for the 
machine in 6 to 18 months. Write today for 


complete information. 
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ADVANTAGES OF 
WHEELABRATING 


High-Speed Cleaning 

Saves Power up to 80% 

Saves Labor 

Saves Floor Space 

Lengthens Tool Life 

Speeds Machining and Grinding 

Simplifies Inspection 

Insures accurate hardness 
readings 

Provides Perfect bond for 
finishing 

Improves Appearance 

Produces wide range of finishes 

Handles wide range of work 

Reduces breakage 








FOUNDRY EQUIPMENT CO. 
509 S$. BYRKIT STREET © MISHAWAKA, INDIANA 





@ A new test paper for detecting porosity 
in plated coatings is heralded by the Han. 
son-Van Wéinkle-Munning Co., Matawan, 
N. J., called “Fotopor.” It commonly de. 
tects porosity of nickel on iron and steel, 
but can also test chromium, brass and tin 
over iron and steel; also, these metals over 
copper and brass. Blue spots appear on 
the paper when ‘iron or steel is exposed; 
brown spots, for copper and brass. |t 
comes in rods of 150 lineal feet, 2 in. wide, 
with total surface area of 3600 sq. in. 


Printing Drawings on Metal 


Materials for a simplified method of 
printing working drawings directly op 
metal have recently been announced by the 
Eastman Kodak Co., Rochester, N. Y. These 
are Kodak layout paint and Kodak layout 
paint primer. The latter acts as a subbing 


base for the layout paint. It is of wide. 
spread applicability for the production of 
products involving flat metal parts. 

‘The paint is sprayed in ordinary room 
light directly on virtually any primed and 
cleaned metal surface with a conventional 
spray gun. Drying is rapid, and tl re- 
pared metal is ready for immediate or 
it can be stored for a reasonable t in 
a dark place. 

The drawing, which has been prev ously 
prepared with black ink on a transparent or 
translucent material, is. next laid in con- 
tact with the prepared surface and ex- 
posure of a few minutes made to or 
mercury vapor lights. The drawing re- 
moved and the inetal flooded with warm, 
weak ammonia water. A vigorous s of 
tap water follows, which washes aw. the 
entire exposed coating, leaving on! hite 





lines where black lines appeared in the 
drawing. Another thin spray coat of primef 
protects the finished product. 

Parts so marked are as accurate as the 
original drawing. On metal, the paint 
withstands bending, shearing and punching 
without showing any tendency to loosen, 
and will actually resist a cutting torch © 
the point where the molten metal carries 
it away, provided there is no scale. 


(Continued on page 1452) 
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The spectrographic department at Apex 
carefully measures the ranges of alloy- 
ing elements of every heat of metal by 
the use of the densitometer. Such close 

laboratory control guides the removal of 
harmful elements and permits meeting the 

most exacting alloy specifications. This 

pre-testing of alloys is an important part 


of Apex Leadership Back of Every Ingot. 
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the 
nef 


the 
Lint 
ing 
en, 

to 
ries 





NOVEMBER, 1944 1451 


Ys 











NO NEED FOR RECTIFIERS...CAN BE USED 
IN ALL STANDARD SALT BATH FURNACES 


These newest of Cyanamid heat treating compounds offer a highly 


economical and efficient answer to the need for operating 
baths which do not increase in viscosity... reduce sludging 


to a minimum...and help extend pot and electrode life spans. 


PHYSICAL PROPERTIES 


MELTING POINT SPECIFIC GRAVITY 





AEROHEAT 1200 


is recommended for general use in the 
temperature range of 1325°F.— 1600 F. 


96 Ibs./cu. ft. 
at 1500°F. 


1225°F. 





AEROHEAT 1000 


is recommended only for use at temper- 1020°F 
atures not suitable for AEROHEAT 1200. ; 
(1125 °F.—1800 F.) 


136 Ibs. /cu. ft. 
at 1500°F. 





AEROHEAT 400 


112 Ibs./cu. ff. 








is recommended for use at low temper- adi at 900°F. 
atures——450 F.—1100 F. 
AEROHEAT 300 290°F 115 ibs./cu. ft. 


at 600°F. 


is recommended for use within the low 
temperature range of 325° F.—1100°F. 











Write for additional information on these new products as well 
as AEROCASE*, AEROCARB* and AEROCARB DEEPCASE Case 


Hardening and Carburizing Compounds. *Reg. U. S. Pat. Off. 


AMERICAN CYANAMID 


. & CHEMICAL CORPORATION 


(3) 


eye? 30 ROCKEFELLER PLAZA . 


(A Unit of American Cyanamid Company } 
NEW YORK’ 20, WN Y 


DISTRICT- OFFICES: Boston, Mass.; Philadelphia, Pa.; Baltimore, Md.; Charlotte, N 


Gr ST ifelale mn @lilice 


Chicago, Ill.; Kalamazoo, Mich.;} Detroit, Mch.; St. Louis, Mo.; Azusa 











The method has an advantage over scrib. 
ing because operators’ instructions, which 
are inked on the drawing, are transferred 
to the part to be fabricated. Reductions jn 
scrap loss are forecast in that a layout can 
be prepared so as to include parts for sey. 
eral products. By so doing, maximum use 
of metal can be achieved. 

There are no critical steps involved, and 
an inexperienced operator can do it rapidly, 
It is suitable for metal having uneven of 
oxidized surfaces. 


@ More than 100 basic materials, including 
metals, can bé marked with the Floquil 
Fountain Marker, developed by Floquil 
Products, Inc., 1974 Broadway, New York 
23. It marks any surface, wet or dry, hard 
or soft. The marker consists of three non- 
moving parts. There are seven standard 
transparent colors. It drys instantly, and 
is weather and abrasion proof. 


Hydraulic Powdered Metal Press 


A new hydraulic press for briquetting 
parts from powdered metal, designed to 
simplify powdered metal molding and give 
a high degree of accuracy and consistently 
uniform structure density in finished prod- 
ucts, is announced by the Watson-St:!/man 
Co., Roselle, N. J. 


The press has a 400-ton capacity cal 
ram and a 300-ton horizontal ran is 
double acting, with convenient ols 
and adjustments. Exact duplication pro- 
duction runs is assured by smooth lsa- 
tionless pressure application, accurate stepless 
pressure adjustment and automatic cycle 
controls. Micrometer adjustment of pres- 
sure is provided on the working stroke. The 
mold size is 6 in. wide, 7 in. deep and 30 
in. long. 


Pressure is provided by a radial piston- 
pump, driven by a 30-h.p. motor. The ma- 
chine has a pushbutton, solenoid-operated 
pilot valve for down and forward move- 
ments of the press ram. Operating speeds 
of vertical ram are 238 in. per min, 
advance and return; 17.5 in. per min, 
pressing. Horizontal ram advance and re 
turn speeds are both 21.6 in. per min. 
The press is 11 ft. 64%4 in. in height overall, 
weighing 28,000 Ib. 


@ Extra performance dies for drawing of 
fine steel wire of 0.015-in. diam. and under, 
R-1 dies, and made from Grade 999 ce 
mented carbide, are now carried in stock 
at Carboloy Co., Inc., Detroit 32. This 1s 
the hardest metal produced by Carboloy. 
It produces wire of great uniformity, high 
surface finish and over a long run. They 
do certain jobs that only diamond dies 
could previously perform. 
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NORTON 
Refractory Cements 


NORTON REFRACTORY CEMENTS have been 
developed to meet the most rigid requirements. 
Three different heat-resisting, chemically inert 
materials—fused alumina, silicon carbide, and 


fused magnesia—may be selected, depending upon 
the nature of the melt. Norton refractory bonds 
are added to these three materials to provide a 
complete range of high temperature cements which 
can be used as plastic mixtures or for ramming or 
tamping into place. For example: 


ALUMINUM—RC 1188, RC 1131, RC 1132— 
three silicon carbide mixtures, selection de- 


pending upon the application. 


BRASS—RA 1144, ATM 416—brass melters have 
found these fused alumina cements very 
successful. 


COPPER—RM 1140—a fused magnesia cement 
excellent for Ajax Wyatt induction furnaces. 


ZINC—A variety of silicon carbide mixtures are 


available. 


NICKEL CHROME ALLOYS—RM 1169—a fused 
magnesia mixture recommended for high fre- 


quency induction furnaces. 


COPPER ALLOYS—RA 1144 (fused alumina), RM 
1140 (fused magnesia)—excellent for cupro 
nickel and aluminum, silicon, phosphor and 
other special bronzes in furnaces of the vertical 


ring induction type. 


W-Co-Cr ALLOYS—RM 1169, RM 1162—these 
are magnesia cements for high frequency in- 
duction furnaces RM 1109, RM 982—these 
are prefired linings of fused magnesia for 


direct arc type furncces. 


NORTON COMPANY 


Worcester 6, Massachusetts 
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To Better 


Descaling 














The Bullard-Dunn Process, the “up-to-the- 
minute” descaling method, meets the strin- 
gent requirements of war-time production be- 
cause it lowers descaling time: it saves labor: 
it removes scale completely from internal as 
well as exposed surfaces; it changes no dimen- 
sions; it is dependable: it is easy to operate; it is 
practical. 


What more can one ask for present as 


well as post-war production? 


Send data and representative samples to 


BULLARD-DUNN 


DIVISION OF THE BULLARD COMPANY 


BRIDGEPORT, 2. CONNECTICUT 
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2,000,000-Volt X-Ray Tube 


Machlett Laboratories, Inc., Springdale, 
Conn., largest manufacturers of X-ray tubes 
in the world, have produced an X-ray tube 
that- operates at 2,000,000 volts. The new 
high-voltage tube is completely sealed off, 
so that pumping is ngt needed to maintain’ 





It is d.c.-operated, ar was 
developed for the High Voltage Lab: ry 
at Massachusetts Institute of Technology. 


the vacuum. 


The tube uses a gold transmission target 
14-in. thick, the beam passing throug!) the 
target. About 180 accelerating electrodes 
are placed along the length of the cube. 
Some idea of what the increase in \ 


tage 
fromthe former high of 1,000,000 volts 
will mean to radiographic study of thick 
steel objects is given by imagining ha 
thickness of steel that the 2,000,0 olt 
tube would require an exposure of « hr. 
At 1,000,000 volts, the theoretical e» re 
time would be one week, while at ‘ 00 
volts about 500 years would be req 
Increasing the voltage of the X-r ibe 
from 1,000,000 to 2,000,000, volts ile 
advantageous, was enormously diffic It 
is probable that the limit in tube v.!tage 
possikle to achieve is somewhere the 
neighborhood of 2,000,000 to 4,000,000 
volts, as the higher velocity makes necessary 


a longer tube to focus over a sufficient area. 
The 2,000,000-volt tube is about nine ft. 
long. 


@ A revolutionary substitute for structural 
steel columns has been developed in North- 
western University’s Technological Institute, 
according to Pathfinder Magazine, Wash- 
ington 5. It is claimed stronger and cheap- 
er than all-steel, light as aluminum, and 
composed 80% of concrete. Inside a spiral 
steel wire a metal lining is placed. Into 
this tube concrete is compressed with @ 
steel plunger. Only one gallon of water 
is used to a sack of cement. Tests showed 
the column would support loads much 
heavier than a steel column the same size. 
Cost of production is 67% less than all 
steel. 
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fA low-alloy steel with an extremely wide range of ap- 
plications, produced in high-tensile grades and in car- 
burizing and-constructional grades. Vastly stronger 
and tougher than carbon steels—more economical and 
more easily fabricated than high-alloy steels. Tomor- 
row’s great products, like today’s great fighting equip- 
ment, will be made of N-A-X alloy steel. 


GREAT LAKES STEEL 
Coupovation 


DETROIT 18, MICHIGAN ¢ SALES OFFICES IN PRINCIPAL CITIES 
Division of NATIONAL STEEL CORPORATION « Executive Offices, Pittsburgh, Pa. 





N-A-X ALLOY STEEL IS USED IN: amphibian tanks .. . tanks and 
tank destroyers . «+ jeeps, trucks and personnel cars . . . tractors, tank 
retrievers and other heavy equipment .. . fighter and bomber aircraft 
of all types ... Navy ships, from PTs to battleships . . . gun mounts and 
carriages .. . landing craft... miscellaneous weapons and equipment. 
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The ENGELHARD RECORDING PYROMETER 
automatically measures and registers the oper- 
ating temperatures of critical processes, thus 
providing an accurate check on production 
efficiency and helping to eliminate material 
spoilage and rejects. It provides a record which 
is perfectly legible. precise, and unaffected by 
water, dust, fumes, or abuse! 


Records are made by a close succession of 
dots spaced 1, 2, or 4 to the minute. On multi- 
point recorders each record is printed in a dis- 
tinct color, using the full width of the chart. This 
clear-cut picture of your temperature conditions 
may be detached and filed directly, thus sav- 
ing time and avoiding possible errors in tran- 
scription. 


The parts of the Engelhard Recorder are de- 
signed and built for long service under severe 
conditions — bearings are large and long — 
castings ribbed and rugged — actuating power 
is several times greater than is necessary. The 
entire instrument is carefully tested for accu- 
racy, timing, insulation, resistance, power, ad- 
justment and workmanship. 


Write for descriptive bulletins of 
Engelhard Recording and Indicating Pyrometers 








* Rust Preventive Oils 


A new line of rust preventive oils and 
fingerprint removers, designed chiefly for 
packaging, is announced by the Shell Oy 
Co., Inc., 50 W. 50th St., New York 20, 
Known as the Ensis line, they are made 
up in four different types of products, avail. 
able in 14 grades, graduating from thin, 
transparent, oily films that need not be 
removed before use, to heavy, abrasion-re. 
sistant coatings able to withstand moisture 
over extended periods of time. 

One of the products will dissolve finger. 
prints, displace water, and afford long-range 
protection against high humidity during 
storage. A heavier, extremely powerful pre. 
servative is for packaged precision parts or 
for unpacked equipment. 

All are much easier to apply and remove 
than old style semi-solid compounds, used 
for years on rifles and arm parts. The oils 
protect in any climate and in all kinds of 
conditions encountered in overseas ship- 
ments. 


Multi-Flame Heating Nozzles 


A new heating nozzle, designed particu- 
larly for oxygen and liquefied pet oleum 
gases or natural gas, is offered by Victor 
Equipment Co., 844 Folsom St., San Fran- 
cisco 7. It fits all standard victor welding 


torch butts, but can also be sold complete. 

An outer air mantle protects the nozzle 
head agdinst deflected heat, desi 1 $0 
that the cool and pre-mixed gases carry 
away a substantial amount of accumulated 
heat, and in doing so become eficiently 


preheated for proper combustion. 


Similar multi-flame heating nozzles are 
also available in numerous sizes for us¢ 
with oxyacetylene. The larger are good for 
flame priming and descaling in inaccessible 
areas. All can be employed for silver braz- 
ing operations, preheating, and bending. 
Multi-flame nozzles are a useful adjunct 
all good welding torches. 
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HIGH TEMPERATURE 
ALLOY 


MISC 


SHEET CARBURIZING BOXES 


Fabricated in a wide range of sizes from MISCO 35-15, 
MISCO 25-20 and Inconel depending on service conditions 














Misco Sheet Box made in 
3/16” Misco Metal, 35% 
Ni. - 15% Cr., sheet. 
a | 6§. DB. 2 ae eee 


The construction of Misco High Temperature Alloy Sheet 
Carburizing Boxes is planned for most efficient service. 
Misco Sheet Boxes are at least 50% lighter than cast boxes 
of equal capacity. Thermal stresses are reduced and pound 
for pound they last longer. Misco Sheet Boxes heat rapidly, 
save fuel, and reduce handling time. Based on our expe- 
tience with thousands of carburizing boxes of all types, 
OTHER MISCO HEAT-TREATING EQUIPMENT 


Furnace Parts « Roller Rails « Conveyors «+ Roller 


Hearths « Conveyor Rolls « Trays « Retorts * Thermo- 
couple Protection Tubes + Chain + Walking Beam 
Conveyors ¢ Carburizing and Annealing Boxes «+ 
Dipping Baskets *« Cyanide and Lead Pots «+ Centrifugal 
Castings and Miscellaneous Castings for use at high 
emperature or under corrosive conditions. 


*% Invest all you can in WAR BONDS * 











iM I ‘S AU (8) “ 


aHeat and Corrosion Resistant Allo 


Misco Sheet Boxes afford maximum service per dollar of 
investment and provide the greatest output in a given 
period of time . . . We will be pleased to furnish you 
with complete details regarding the many advantages of 


Misco Sheet Carburizing Boxes. 


Michigan Steel Casting Company 


One of the World’s Pioneer Producers of Heat and Corrosion Resistant Alloy Castings 


1999 GUOIN STREET, DETROIT 7, MICHIGAN 
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DURALOY for 
HIGH ALLOY CASTINGS 


to ATONS 


gHTS-OUNCES 


WE 





OR high alloy castings— 
those durable chrome- 
iron and chrome-nickel cast- 


ings—DURALOY is a lead- 


ing name. 





One of the first to produce 
castings of high alloy metals, 
DURALOY works with 
nothing else. In static and 
in centrifugal castings, 
DURALOY has the experi- 


ence, men and facilities un- 


surpassed by any plant. 


We can recommend the best 
alloy for your purpose and 
do the job from drawing 
board to machine shop, or 
we can work to your design 


and specifications. 


THE UU 




























11-DU-1 
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@ The Rivnut, the blind fastener that 
serves as a nut-plate, rivet or both, is now 
being made of brass as well as aluminum, 
states B. F. Goodrich Co., Akron, Ohi 

Tensile and shear strength of the 5 
are 50% greater than the aluminum 


teners. First applied to the aircraft industry, 


the Rivnut has been adapted to 
industries. 3 


Tachometers 


A new form of tachometer is now avail- 
able for engineers, setup and maintenance 
men, and time-study groups. It weighs but 
5% oz. and is 24%4-in. in diam. The re 
cording in r.p.m. is easily read, without 
the use of any timing or counting device, 

The readings are constant, and record 


ee Ee ae ee 





fluctuations that are impossible w ich- 
ometers now on the market. The » is 


made up of black figures against an orange 
background. 

The range of this instrument runs from 
500 to 3600 r.p.m., and checks of stock 


models show a variation of less than 3% 
from absolute accuracy over the whole 
range. Standard units have been subjected 


to 50,000 test readings without recording 
any variation in the accuracy of the read- 
ing from start to finish. 

A pointed contact spindle is for use with 


shafts that are centered, and an elastic tip 


is furnished that will slip over the pointed 
spindle for use on shaft ends that are not 
centered. It is dust and moisture proof, 


and has a baked enamel protective coating 
on all surfaces except the scale, which is 
enclosed in a plastic tube. The Standard 
Machinery Co., Providence, R. I., is the 
designer and manufacturer. 


@ ‘“‘Letter-Outline’” hand stamps that can 
impart various information. in one de- 
sign are announced by New Method Steel 
Stamps, Inc., 147 Jos. Campau, Detroit 7. 
It is handy where several sub-contractors 
supply the same part, identifying the con- 
tractor and even the individual operator 
or inspector involved. 


METALS AND ALLOYS 





























Jete with full automatic 










trial reheating furnaces. 


types of indus 
TION SERVICE 


dismantling, 


Including long distance transport—tor all 
D CONST RUC 


relocating fyrnaces 


AMCO ENGINEERING AN 
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@ Stating that there is a definite trend 
towards using snap gages by which the in. 
spector can see rather than feel the varia. 
tions in dimensions, Federal Products Corp,, 
1144 Eddy St., Providence 1, R. L, an 
nounces Model 1330 P-100 dial indicator 
type of snap gage. The weight of the gage 
in the operator's hand rests upon a fixed 
contact and not upon a sensitive contact, 
The lower anvil is retractable and can be 


’ applied to the work without marking fine 
finishes. It has a low friction movement 
that transfers the movement of the con- 
tact point to the indicator without error, 


The following members of the PLAST FAMILY are ready 


to serve you in—powder metallurgy, chemistry, electronics 





and in other fields which require metal powders of high quality. Sandblast Machine 





A new type of sandblast that is a com- 
| bination of the sandblast cabinet with 
stationary nozzle and rotating basket or 
tumbling barrel type is announced 
| Leiman Bros., Inc., 160 Christie St., N 
4 LAST ome i a] 0) N ark 5, N. J. The sandblasting clea: 
| surface of metals of rust, scale, etc. bef 
electro-plating, enameling, painting, 


| || | also produces satin finish effects, and s 
ae, i ‘1 | ciling of designs or lettering are q 


accurately and very distinctly produ 





Plate and enamel will be firmer and 


lasting on a sandblasted base. 
pas L The rotating basket is fitted insi: 


cabinet in such a way as to handle many 





small items, such as nuts, screws and ;mall 


'| | gadgets. The rotating basket is fille’, and 
at, the machine sandblasts automati: as 


parts are tumbled. The basket n be 


removed where larger pieces are be 


PLAST —MANGANESE | 
PLAST- ANTIMONY 
PLAST—ALLOY 


These metal powders can be produced to your particular 


specifications in large or small quantities. 


treated. The basket is motor driven. The 
| LA S TI C ” TA q S iw C sand is fed through the nozzle over and 
+ | a | over from the reservoir at the bottom of 

| the cabinet. 


. | Castings that have been sandblasted clean 
147 Bria B° Street, | of scale and burnt casting sand can be more 


<@7 | speedily machined. Lathe tools will hold 
J OHNSTOWN : PA. their cutting edges longer when castings 


| are clean. 














(More News on page 1464) 
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The villain of this film 
threatens your plant, too! 


"ors the saboteur, can destroy your plant — 
even though you've installed the most modern 
fire-fighting equipment! If your men don’t know 
how to operate it, or if they use the “‘right”’ equip- 
ment against the wrong fire, disaster can easily result. 

Believing that visual instruction is easiest un- 
derstood, longest remembered, Walter Kidde & 
Company have produced a color film with sound. 
It shows exactly what to do when fire strikes. It 





pictures the different classes of fire, shows how 
to fight each of them. It’s fast-moving, grips the 
attention of its audience during the twenty min- 
utes of its run. 

We'd be glad to show this film to key men at 
your organization. There is no obligation what- 
ever for this service. Just drop a line today to 
the address below and we'll arrange a showing 
at your convenience. 


WALTER KIDDE & COMPANY, INC., 140 CEDAR STREET, NEW YORK 6, N. Y. 


NOVEMBER, 1944 
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RELIABILITY under tough 


operating cagditions_--- 







The efficient and sturdy Roots-Connersville 
Positive Displacement design stands up well 
under severe operating conditions in all metal 
industries. Long life and dependable perform- 
ance of “R-C” Blowers on really tough jobs 
have made them the preferred choice of expe- 
rienced operators everywhere. Write for Bulle- 
tin 22-B-12. 


ROOTS-CONNERSVILLE BLOWER CORP. 


411 Superior Ave., Connersville, Ind. 
Roots-Connersville Cupola Blower installed in a mid-western 
foundry, Capacity 2700 c.f.m., 484 r.p.m., 20 oz. pressure. 


POSITIVE 
DISPLACEMENT 


Twin impellers alternately 
suck in, momentarily en- 
trap, and then expel defi- 
nitely known amounts of 
air, resulting in positive 
delivery of four equal vol- 
umes each revolution of 
dtive shaft. Impellers need 
no seal or lubrication. Ca- 
pacity varies with speed. 
Pressure automatically 
builds up to overcome re- 


sistance on discharge side. 


CUPOLA BLOWERS 





Write for NOZZLE CATALOG to 


> SPRAY ENGINEERING CO. 


109 CENTRAL STREET + SOMERVILLE 45, MASS. 
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Spot and Seam Welder 


An important new development in resis- 
tance welding was announced at the Metal 
Show in Cleveland, Oct. 16 to 20, by 
Progressive Welder Co., 3050 E. Outer 
Drive, Detroit 12. The machine is a “Uni- 
versal” resistance welder—capable of either 
spot welding or seam welding—and oper- 
ated by storage batteries rather than through 
transformers from power lines, etc. 

It will permit performing of welding 
operations heretofore considered imprac- 
tical. These include the spot welding of 
structural aluminum sections of considerable 
thickness (up to 3/16 in. or mote) and 
the seam welding of aluminum of the same 
thickness at high speeds. 

One of the contributing factors is an 
entirely new development in seam welder 
wheel design originated by Frostrode Prod- 
ucts, 19929 Exeter, Detroit 3. This wheel 
is internally refrigerated, requiring no ex- 
ternal water supply, and has a replaceable 
rim, reducing wheel renewal cost when the 
wheel is worn. The machine works well 
on steels, etc. 


@ A lubricant that reduces wear ; 


duces inspection time of gages, called D 
Center Point, is announced by C, 0 
Mfg. & Distributing Co., 1928 W h 
St., Chicago. It prevents sticking of 
worked gages, whether plug, ring, sn vf 
thread gages. It prevents corrosion, a: ! a 
wiping film of oil lasts from one t re) 
hours. 


Corrosion Resistant for 
Zinc-Alloy Die Castings 


A quick chemical process for brig} 
and improving the corrosion resistat 
zinc alloy die castings, called Zinct 
announced by Turco Products, Inc., 5 
S. Central Ave., Los Angeles 1. It seals 
the outer “skin” of the casting, protecting 
from mechanical and corrosive attack. It 
gives a smooth bright surface comparable 
to mechanical polishing or buffing d 
brings out a lustrous silvery bloom 

Zinctone can treat new castings or [e- 
claim used zinc alloy die casts. It removes 
stains and corrosion, seals, passivates and 
brightens. Carburetors and fuel pumps are 
typical reclaimable items. 

Adaptable to small shop and mass pro- 
duction set-ups, it uses simple immersion 
equipment. It may be handled by unskilled 
personnel 


@ A new radius and angle forming 12- 
strument, known as Radiform, has been de- 
veloped by the W. F. Meyers Co., inc., 
Bedford, Ind. This device will generate 
radii and angles tangent to radii on end 
mills, die sinking tools, drills, reamers, 
etc., both straight and spiral fluted, directly 
against a grinding wheel, without preform- 
ing the wheel. 
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AN ALKALI- AND ACID-PROOF CEMENT 


HYDROXIDE 70°, .. . AT 230° FAHR. 


example: ALKOR was recently em- 


ine four storage tanks 15’ diameter 
to handle 70% sodium hydroxide at 


been used for upwards of four years 
ng floors, gutters, sewers, tank linings 
ecently in building equipment for the 
of butadiene and synthetic rubber. 
important place in paper mills, in 
‘anks and floors which will be subjected 
alkalis, or alternately to strong alkalis 


* * * * 


nert to such inorganic acids as sulphuric, hydro- 


loric, phosphoric, hydrofluoric, as well as to most organic 
ids, solvents, oils and greases. It is not satisfactory for 





ghly Oxidizing acids such as nitric or chromic. 


WRITE our head office at Mertztown, Pa., for 
special Bylletin No. TV-12A dealing with 
ALKOR and other acid-proof construction 
materials. Technically trained field representa- 


tive may be reached at our nearest branch 
office. 


is constantly 








Physical Properties: 


Setting time (70° F.) 4 hours 

Final cure (70° F.) 60 hours 

Tensile Strength—I1000 Ibs. per sq. in. 

Bond to carbon or shale brick—50O0O Ibs. per sq. 
Absorption—Less than 1% 

Color—Black 


ALKOR is one of five special ATLAS cements, each 
resistant to one or more groups of acids, alkalis, 
corrosive salts, etc. These cements are in turn part 
of a complete line of materials of acid-proof 
construction. ATLAS Service includes proven design 
and, when desired, supervision of construction, 
with responsibility thus centered on a_ single 


source. 
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“POSITION” COUNTS MOST 
IN THIS HEAVY WELDING OPERATION 


Production welding usually means working on top, bottom and on 
all sides of the weldment. It means a “‘quick change” of position 
should be possible for greater time saving, more efficiency, lower 
costs and greater safety to men and materials. With C-F positioners 
a welder can quickly position’ even the most cumbersome weldments 
at the press of a button, without crane help or handling crews. 
With just one set-up of the weldment he can position it easily, 
speedily and safely, all alone. He can rotate it a full 360° at variable 
speeds from O R.P.M. up, tilt it to 135° beyond horizontal, and 
can weld, down-hand, all sides, surfaces and angles in the one 
set-up with larger rods and fewer passes. All C-F positioners, both 
stationary and portable, are pedestal mounted to give maximum 
floor and working clearance and all are adjustable for height. 
Write for Bulletin WP-22 
CULLEN-FRIESTEDT CO. 
1314 S. Kilbourn Ave. Chicago 23, IIl. 


























Flame Hardening @ Annealing @ Aerocasing @ Carburizing 


fo Bar Stock Treating and Straightening °@ Heat Treating 


Nitriding @ Cyaniding @ Physical, Tensile and Bend Tests. 







THE LAKESIDE STEEL IMPROVEMENT CO 
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Mr. Cone Goes to Washington 


Edwin F. Cone, consulting editor, 
METALS AND ALLOYS, and well 
known in metals engineering and 
technical journalism fields, has been 
called to Washington on a special 
editorial assignment of the War Met- 
allurgy Committee, involving pre- 
paration of committee reports. His 
services have been loaned by METALS 
AND ALLOYS on a full-time but 
temporary basis. 











News of Engineers 


Victor F. J. Tlack, pioneer developer of 
cobalt, chromium steels, has become con- 
sultant and special sales representative of 
Latrobe Electric Steel Co., Latrobe, Pa. Until 


recently, Mr. Tlack was president of Darwin 
& Milner, Inc., tool steel jobbers, ve- 
land, with whom he was associated 30 


years. He will be located at Latrobe's ‘ ‘eve- 
land office. 


Elbert A. Hoffman and John M rd. 
song have joined the metallurgical e 


gineering staff of LaSaiie Steel Co., Ch: ago. 
Mr. Hoffman took advanced cour in 
metallurgy, metallography, heat ¢t ng 
and welding metallurgy at Illinois | te 
of Technology and was later with i- 
can Steel & Wire Co. Mr. Birdson id- 
uated from Illinois Institute, and | ad 
extensive steel, heat treating and ma ig 


experience, largely with General El 





Olin H. Philips is now in charge ex- 
tensive laboratory metallurgical resea of 
the American Car & Foundry Co., succced- 
ing John W. Steinmeyer, who was transter- 


red to the New York research department. 
He has been in the metallurgical department 





of Jones & Laughlin Steel Co. for ten years. 

D. E. Jack has been elected vice president 
in charge of engineering and sales of the 
Duriron Co., Inc., Dayton, Ohio. C. 


Schenck has been made vice president in 
charge of production. J. M. Wélliamson, 
for 16 years with Allis-Chalmers Mfg. Co. 
is now chief engineer. O. J. Jacobsen, for- 
merly chief engineer, is in charge of en- 
gineering research and development 

A. J. M. Baker has been elected director 
and vice president, E. W. Bliss Co., Brooklyn. 
He was formerly general manager, Crocket- 
Wheeler Electric Mfg. Co., Ampere, N. J. 
div., Joshua Hendy Iron Works, Sunny- 
vale, Calif. Previously, he was deputy 
director general, British Purchasing Com- 
mission. 


Glenn W. Shetler is now vice president 
in charge of operations, Barium Steel Corp-, 
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A wide variety of types and sizes of LAKE ERIE Hydraulic 
Presses are serving governments and private industrialists 
all over the world. This broad use by many industries indi- 
cates their unusual versatility. Each Lake Erie Press is espe- 
cially, but simply designed. They are self-contained and 
have a minimum of wearing parts, which results in low main- 
tenance costs. 

LAKE ERIE ENGINEERING CORP., BUFFALO 17, NEW YORE 
District representatives: 250 Park Avenue, New York 17, N. ¥.; 230 North Michigan 


Avenue, Chicage 1, Illineis:; Harron, Rickard and MceCeone, San Francisco and 
Les Angeles, California; Buck & Hickman, Lendon, England. 


L-HIARHE 





HYDRAULIC PRESSES...precision at your fingertips 








SILVER 


BRAZING ALLOYS: 


“Readyflow”—56% Silver—works at 1165 deg. 
B 201 —20% Silver—works at 1485 deg. 


Also many other standard and special compositions. 


ANODES: 


Of all desired dimensions. 


FLUXES: 


For use with Silver Brazing Alloys. 





Write for booklet ‘‘MA’’ 





The American Platinum Works 


» RR AVE AT OLIVER ST, 


Newark,N. J. 
cst Gav) 1079 

















Life-Time Opportunity 


For a competent salesman — not over 40 
years of age — with background in the in- 
dustrial or engineering field. Must be familiar 
with metal-working operations and alloy ma- 
terials. 


Here is a chance to represent one of the lead- 
ing engineering journals as advertising space 
salesman. 


Established territory, salary and commission. 
Top-flight publisher. Give details in first let- 
ter, in confidence. Our employees have been 
advised of this advertisement. 


Address Box No. 88 


METALS and ALLOYS 
330 West 42nd Street New York 18, N. Y. 
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Canton, Ohio, having been general mana- 
ger. He was previously with Crucible Stee] 
Corp.’s Halcomb Works, Syracuse. 





W. R. Persons, Pittsburgh manager, Lin. ” 


coln Electric Co., Cleveland, has been trans. 
ferred to headquarters at Cleveland to plan 
for post-war. 





E. H. Carmany has been appointed vice 
president in charge of eastérn operations 
of Wyckoff Steel Co., with headquarters 
at the Empire Works, Newark, N. J. 





Henry P. Kirchner, vice president, Car- 
borundum Co., has been placed in charge 
of production. Otis Hutchins is named tech- 
nical director in charge of research and 
process control and development. 





Julius A. Clauss has been appointed vice 
president in charge of engineering, Great 
Lakes Steel Corp. J. Emmett Fink is now 
vice president in charge of operations. 





O. C. Tabbert, formerly welding engineer, 
Milwaukee district, Harnischfeger Corp., 
has been made assistant manager, P & H 
Welding Equipment Division. 





M. G. Werme, formerly superintendent, 
Clinton, Mass. plant, Wickwire Spencer 





Steel Co., is now chief developm<¢ en- 
gineer. Gordon Lloyd has been made super- 
intendent of the Clinton plant. tor 
Chartner is appointed chief mec cal 
engineer. 

J. M. Stapleton, former superin ent 
of blast furnaces, Geneva Steel Co., ( va, 
Utah, has been promoted to assista: vi- 
sion superintendent of blast furn at 
South Works, Carnegie-Illinois Ste 
He is returning to the plant at vy he 
worked for 22 years. 


William S. Wilbraham, assistant 
eral manager, Lukenweld, Inc., ha en 
appointed production manager. G« L. 
Snyder, chief engineer of Lukenv is 
assistant to the general manager. 





Three new works manager appointments 
have been made by Allis-Chalmers Mfg. 
Co.: Hugo W. Liebert, general works man- 
ager of the tractor plants; Fred S. Mackey, 
general works manager of the general ma- 
chinery plants; and Harry E. Ladwig, works 
manager of the West Allis foundries and 


pattern shops. 

]. P. Larkin is the new chief metallurgical 
and sales engineer of Firth-Sterling’s steel 
division. For two years he was chief of the 
Tool Steel, Stainless and Lend Lease Alloy 
Steel sections, Alloy Steel Branch, WPB. 
Andrew H. Godfrey becomes assistant man- 
ager, Firthite Div., having been factory 
manager of Carboloy Co. Anthony J Allen 
is a new assistant manager of the Firthalloy 
Div., having been for 15 years in the 
manufacturing end of the wire industry. 





Wilbur C. Osha, general welding super- 
intendent, Berwick, Pa. plant, American 
Car & Foundry Co., has been made general 
supervisor of welding for that company. 
He was first employed by the Pittsburgh 
Testing Laboratory. 
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RESEARCH : RESEARCK 
ELECTRONIC | ELECTRICAL 
DIVISTON 





The House 
of Many Doors 


EQUIPMENT 
DIVISION 





AYTHEON is truly a house of many doors . . . doors that 

lead to many research, engineering, and production groups 
which have made great contributions to the quality and quantity 
of electronic equipment and receiving and transmitting tubes now 


helping the armed forces. 


Today, behind these closed doors over 16,000 men and women 


are devoted to war work. Tomorrow, these doors 


will be wide open and through them will come r 


new developments in all phases of electronics. 


Tune in the Raytheon radio program: “MEET YOUR NAVY,” every Saturday night 
on the Blue Network. Consult your local newspaper for time and st.tion, 
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Devoted to research and manufacture of complete electronic equipment; receiv- 
ing, transmitting and hearing aid tubes; transformers, and voltage stabilizers. 
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This drawing shows 
detailed construction 
of wood spacers or part- 
ing strips used between 
two halves of brass re- 
taining shell, in casting 
inexpensive chuck jaws. 
Arrows indicate Babbitrite 
in channels as a filler. 
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THE BABBITT RETAINER 


Farling-Stups 
@ USED IN CASTING 


LOW MELTING ALLOYS 


Babbitrite, the safe babbitt 
retainer, is used in many 
foundries and metal working 
plants as a filler for spacers 
or parting strips in casting low- 
melting alloys. A typical ex- 
ample are the chuck jaws, pic- 
tured here, used to hold an 
intricate die casting in posi- 
tion for machining operations. 





Because Babbitrite contains no mois- 
ture it will not melt, blow-out or let 
go when in contact with hot molten 
metal. Thus it provides absolute safety 
to workmen, does not permit molten 
metal to run out. It has greater strength 
of body and adhesive properties than 
clay or putty, comes ready for use, 
requires no mixing, can be re-used 
over 100 times, 

Ask your Mill Supply House, 

or write for liberal sample. 


PRODUCTS MFG. CO. 


521 E. BUFFALO ST. 


MILWAUKEE 2, WIS. 
A4559-% 



































equipment—piping, absorbers, cooling 
2100°F. may be maintained regularly, 
same apparatus. 


letterhead, please —and reserve a copy. 











Amersil’s* low coefficient of expansion is one of its outstanding 
characteristics. It is only 0.000000054. This is 1/34 that of copper, 
1/17 that of glass or platinum and 1/9 that of tyngsten. 

This characteristic of Amersil* chemical .and industrial plant 
treme temperature variations. Operation at temperatures as high as 
periods, and widely varying temperatures may be carried in the 


A new Amersil* Catalog is on the press. Write, on your business 


*The fegistered trode name of the enty Americon manufacturer of @ complete line of Fused sitice products 


A ‘subsidiary of Nichols Engineering & Research Corp. 













sections, etc., permits ex- 


or up to 2700°F. for short 


















Correction ! 


Due to an oversight, the color plate 
was omitted from the advertisement 
of Pittsburgh Lectromelt Furnace 
Corp. in our October issue. It is 
reprinted in its entirety on page 
1369 of this edition. 











Plants and Slants 


In the interest of speed in war contract 
termination, Wright Aeronautical Corp., 
Cincinnati, has installed a “visual control 
board” system, scheduling dates and steps 
in reconversion, eliminating its former 
ledger control. Thus, it has predetermined 
schedules for $128,000,000 and $50,000, 


000 terminations in 105 and 90 days, 
respectively. Known as “Produc-Trol,’ it 
is four times as fast as other methods. Each 
of seven major steps of the termination 
procedure is represented on the control 
boards by a different colored vertica 

the lines being superimposed on the 

uled completion date. Horizontal line: re- 
present cancelled purchase orders. (ne 
can see at a glance the status of each o: (er. 





Another company to use an effective \is- 


ual control is the American Brake Sh 0. 
at its Meehanite foundry, known as the 
production schedule chart. Colored en 
tapes of spring rewind type are so d 


to clips screwed to the board. The 
days for each order are calculated 
ceived and totalled according to n g 
method required. The tapes are th« X- 
tended to the corresponding num! rf 
man-days and held in position by a ill 


hook. 


Ninety-four per cent of the employees 
of the Inland Steel Co., now in armed ser- 
vices, expect to return to Inland after de- 


mobilization, according to a questionnaire 
sent to a majority of its 4000 in service. 
Those who have already returned number 
225, eight of them wounded veterans, but 
adjusted to plant work again. One purpose 
of the questionnaires is to show the boys 
that Inland is still interested in them. 
Effective plant morale propaganda are 


the moving picture films of actual battle 
scenes shown by the War Department. 
Steel Products Engineering Co., Springfield, 
Ohio, wrote: “We showed “War Depatt- 
ment Report’ to our employees during 
lunch, then found that our percentage of 
absenteeism for that week was the lowest 
in six months.” 


MetalFusion Corp. of America has be- 
come a subsidiary of Cook Electric Co., 
Chicago, the latter having acquired a cfit- 
ically controlled atmosphere brazing plant, 
with furnaces for heat treating and anneal- 
ing, atomic hydrogen, shielded arc, seam 
and spot welding, gas flux brazing, salt 
bath brazing and induction brazing. 
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SLEEVE TYPE! 


BEARINGS 


Cast Bronze Bearings 
Cast Bronze Graphited 
Sheet Bronze Béorings =| 
Sheet Bronze Grophited | 
Bronze and Babbitt Bearing 
Steel and Bobbitt Bearings 
Steel and Bronze Bearings 
Ledaloyi 
Self-Lubricating Bearings 
Electric Motor Bearings 
Avtomotive Bearings 
Bronze Bors 








Bronze Castings 





Any Type 
Any Size 
Any Quantity 


DISTRICT SALES OFFICES: Atlanta - Boston - Buffalo - Chicago * Cincinnati - 
Detroit - Kansas City - Los Angeles - Minneapolis - New Castle - 
Pittsburgh * St. Louis - San Francisco - Seattle 








itt Lined 
BEARINGS 


Designers of the postwar automobile may worry about the 
lines of their new car . .. or synthetic rubber versus 
natural... or the thousand and one new developments 
that have come as a result of the present conflict. There is, 
however, one worry that they can forget... and that’s the 
type of bearings to use in the engine. Years of research 
and praotical tests have definitely proven that babbitt lined 
bearings deliver the best all around performance for 
internal combustion engines. 


The dual construction of this type of SLEEVE BEARING 
provides conformability to the shaft . . . resistance to 
pounding . . . smooth, quiet performance at high speed... 
exceptionally long bearing life, and excellent running-in 
properties. 


Babbitt Lined Bearings are ideal for a wide variety of 
applications. They are ‘‘tailor made” in the sense that you 
have a wide range of alloys to select from in the babbitt, 
and a choice of backing material—either bronze in any of 
the various alloys, cr steel. Why not permit a Johnson 
Engineer to study your bearing problems? He can easily 
advise you on the correct type of bearing for each appli- 
cation. There is one located in the cities listed below 
ready to serve you. 





Cleveland * Dallas 
New York - Newark - Philadelphia 





OHNSON @™® BRONZE 


“, SLEEVE BEARING aN TyS.Woreuty.§ aaa sc: 
769 §. MILL STREET NEW CASTLE, PA. 
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AKER Rlareioe Cas Furnaces 

are very low in gas consump- 

tion, noiseless in operation, 
reach the required temperature rap- 
idly and are equipped with thermo-. 
couple and accurate pyrometer. The 
‘research departments of some of the 
largest corporations have contributed | 


to making their high efficiency possible. 


There are 9 standard stock models — 
ranging in size from No. 1 (Bench 

type), which is 6” x 8” x 5%”, to — 
No. 24, which is 12” x 20” x 8” as” 
illustrated. All provide uniform, con- 
trolled heat up to 1900° F. 

Model No. 5, 6” x 12” x 5”, is built 
especially for treating high speed steel. 
Gives uniform, controlled temperatures 
up to 2400° F., 

We stock one Hydrogen Atmosphere 
furnace, No. 12, with a closed mufile 
8%" .x 15” x 2%” high. 

Special size furnaces built to your 
order. Write for descriptive folder 
and prices. 


BAKER & CO.. INC. 
113 Astor St.. Newark, N. J. | 














MOORE R&AMPAD 


FURNACES 


Illustrated is a 20-ton capacity “NT” 
charge Lectromelt furnace, in daily use in 
a West Coast Foundry. Lectromelt furnaces 
are available from 100 tons down to 250 
pounds capacity. 





PITTSBURGH LECTROMELT FURNACE CORPORATION 


PITTSBURGH, PENNSYLVAN 
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Green Electric announces that Crow, 
Rheostat & Supply Co., 1910 Maypole Ave,, 
Chicago 12, is now the exclusive distribu. 
tor for all types of Green rectifiers in [Ij. 
inois and Wisconsin. Crown Rheostat will 
also handle Green rectifiers in several adja. 
cent states. 





American Rolling Mill Co. has sold its 
No. 2 sheet mill to the Reynolds Metals Co. 
It will be rebuilt for rolling aluminum. 


In announcing that two of its plants at 
Philadelphia have been awarded a fourth 
renewal of the Army-Navy “E”, Westing. 
house points out that less than two-tenths 
of 1% of the nation’s war plants have 
achieved this honor out of the 100,000 
plants eligible. Only 3,000 plants (3%) 
have won “E”’s, and only 176 a fourth 
renewal. 


A 78-year old tradition in gun making 
was broken when Mrs. Olive Dahlberg, 
New Haven 37-year old mother of three 
children, became night superintendent of 
the Winchester Repeating Arms ( She 


joined Winchester three years ago Op- 
erate a cartridge loading machine. Because 
of “ability to get along with people’, she 
was transferred to the personnel part- 


ment. Now she keeps materials flow and 
shooting trouble, both mechani and 
personnel. 


The Fifth War Loan Drive we over 


with a bang at the White Motor C. leve- 
land, because of a “popularity contes:,” in 
which 20 girls competed as represer ‘atives 
of their departments. A bond purchase 
meant a vote for ‘Miss Half-Tra Miss 
Scout Car,” “Miss Transport,” e ZS 
of bonds went to the three mos lar 
gals 

The Wéickwire Spencer Ste has 
purchased the Sirian Wire & Ci 
Newark, N. J., and has forme 1eW 
subsidiary, the Wickwire Spence tal 


lurgical Corp. 


Acme Pattern & Tool Co., Dayton Ohio, 
has changed its name to Acme Al num 
Alloys, Inc. This is the second ti the 
company has outgrown its name, t rig: 
inal company of 1920 having be the 


Acme Pattern & Mfg. Co. 


Construction of a new manufacturing 
plant on a 49-acre site in St. Paul will be 
started by the American Can Co. as soon 


after the war as labor and materials are 
available, costing $6,500,000 and employ- 
ing 1,000. 


The Universal Wheel & Abrasive Corp., 
Chicago, is moving into a new and larget 
plant at 400 N. Ashland Ave., Chicago, 
this fall. Since its founding in 1935, the 
company has been forced to expand its 
space every six months. 


Carnegie-lllinois Steel Corp. has leased 
to Lukens Steel Co. the right to manufac- 
ture “Cor-Ten” corrosion-resisting, high 
strength alloy steel. 
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Number 6 of a Series: “Looking at the 5 essential things you never see in electrodes!” 


Formula for 


MANUFACTURING EXPERIENCE 











ACTURING 
NTROL 








( nuing research has fed major improvements into 

ional” carbon and “Acheson” graphite electrodes 

fer electric furnaces for upwards of 40 years. These im- 

provements show up as steadily higher impact resistance, 

more uniform size, greater current capacity, slower con- 
sumption, and lower cost per ton of electric steel. 

Without continuing research, our carbon and graphite 


electrodes could not have attained and held leadership! 





The registered trade-marks “National” and “Acheson” 
and the “National” and “Acheson” Seals distinguish 
Products of National Carbon Company, Inc. 


KEEP YOUR EYE ON THE INFANTRY... THE DOUGHBOY DOES IT! 
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MMMM, 


“LON Cy 








RAW MATERIALS SELECTION 




















Yet you cannot see “continuing research” in the prod 
ucts themselves. So we remind you again to investigate 
this quality, as well as the four other “essential things you 
never see in electrodes.” The others: Raw materials selec- 
tion, manufacturing experience, manufacturing control, 
and customer service. These things are present in every 
“National” and “Acheson” electrode. Your inquiries are 


invited. 
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«Proper Melting Decreases | 
Foundry Losses,’’ contains 
interesting data. Also, th 
booklet, ‘‘Nonferrous Ing 
Metals of Today.’’ Write 
for both of these. They © 
are free. 


Send for booklet 
“INGOT METALS 
OF TODAY” 


16 STANDARD INGOT 
METALS BY AJAX 


Ajax Tombasil 
Alax Plastic Bronze 
Ajax Anti-Acid Bronze 
Ajax Phosphor Bronze 
Ajax Red Brass Ingots 





Notice how 


eee ALTERNATIVES 


Ajax Manganese Bronze W.P.B. chart 
Ajax High-Tensile point to the > 
Manganese Bronze right. . . . They WAITING) Con 
Ajax Golden Glow Yellow show how alter- 
Brass native , —- 
: current evail- 
pes cn ar able an be util- creased use of secondary ingots. Sometimes 


ized by foundry- great ingenuity is called for, yet remember 


Ajax Manganese Copper men as now per- this: 


Ajax Aluminum Alloys mitted by many The first program for scientific control of 
Ajax Phosphor Copper designers. The ingot metal was set up by Ajax 46 years 
Ajax Silicon Copper purpose is to ago. The result has been metal and prac- 
Ajax Nickel Alloys conserve primary tical technical follow-through in which Ajax 
Ajax Phosphor Tin metal at the increases your production by reducing re- 


mine through in- jects. 


AJAX METAL COMPANY 


ESTABLISHED 1880 P H i L A D E L P H | A 





ASSOCIATE AJAX ELECTRIC FURNACE CORP. Ajax-Wyatt Induction Furnaces for Melting 
AJAX ELECTROTHERMIC CORP. Ajax-Northrup High Freq Induction Furnaces 
COMPANIES: AJAX ELECTRIC CO., INC. The Ajax-Hultgren Electric Salt Bath Furnace 
AJAX ENGINEERING CORP. Ajax-Tama-Wyatt Aluminum Melting Induction Furnaces 
















OILY or greasy films which 
. grip metal surfaces tightly are quickly 
) penetrated and broken up into 
__ small droplets by the balanced silica- 
-2> alkali content in the Metso silicated 
cleaners. Their emulsifying power 
is outstanding in the removal of 
tight-clinging grease and oil. 


ee Then the efficient suspending 
SMe. action of the silicated cleaners takes 
. : over, with the result that the dirt 
~ is kept free of the clean metal. 


Know more about the silicates’ emul- 
DETERGENT VALUE OF sifying property. Discussed in the 
SODIUM pve bulletin Detergent Value of Sodium 
METASILICATE (ec  — Metasilicate” available on request. 


PHILADELPHIA QUARTZ COMPANY 
Dept. C, 125 S. Third St., Philadelphia 6 








METSO ‘GRANULAR U. S. Pat, 1898707 METSO 99 U. S. Pat. 1948730, U. S. Pat. 2145749 
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Allegheny-Ludlum Steel Corp. has pur. 
chased property at St. Louis from the 
National Refining Co. ‘ 


A new organization of industrial de. 
signers and engineers has been formed jn 
Chicago, with offices at 230 N. Michigan 
Ave., operating under the name of Product 
Designers. It offers a service of idea de. 
velopment, design, engineering, tooling and 
packaging. The principals are W. ¢ 
Nichols and Joseph Palma, Jr. 


Kentucky's state fair grounds in Louis. 
ville, Ky. is humming with a new kind 
of activity. From a new and complete 
forging plant in buildings formerly hous- 
ing live stock and other farm products, 
Tube Turns, Inc. is now shipping out a 
steady stream of forged aluminum heads 
for aircraft engines. The heads are made 
from a single bar of aluminum. 


The Optimus Equipment Co. has been 
organized at Matawan, N. J., to design and 
manufacture a line of equipment for metal 
washing, rinsing, pickling, tumbline and 
drying operations. 


House Organ Notes 


Western Electric Oscillator, Western } ric 
Co., Sept. 1944. 


This is a new house organ succeedi: — the 
former publication, “Pick-Ups.” In « in- 
ing the reason for the change of n an 
editorial explains: “A vacuum | is 
nothing more than a particularly | X- 
hibit of the delicate craftsmanship of 1s 
and machines in fashioning an obj it 
of glass and metals, until it starts t il- 
late. But when the electrons begin t Ww, 
the very pulse and life of the univer: are 
unleashed within its shiny glass cai opy. 


The tube oscillates. Western El: ctric 
Oscillator takes its bow.” 


News for Members, American Iron & Steel 
Institute, Sept. 1944. 


“Institute members played a part in fur- 
nishing information leading to the selection 
of the Yawata steelworks as the first 
Japanese target of the B-29’s. Beginning 
early in 1942, the Institute has cooperated 
with various military and government wat 
agencies in digging up information on 
Japan's steel industry. Many Institute mem- 
bers and other individuals who had been 
in Japan were consulted, and studies were 
made of published information and trans- 
lated private documents to determine the 
location and relative importance of the 
various, steel mills—large and smali— 
in Japan and Manchuria.” 


The Bulletin, Youngstown Sheet & Tube 
Co., Sept. 1944. 


‘“Water—water—water—enough to satis 
fy the needs of industrial plants. Enough 
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OF THE NEW LIGHTWEIGHT Johns-Manville In- 
lating Fireblok covers more surface than five 
ing Fire Brick. So, when you reline furnaces with 
can often get the job finished several times faster. 
er how many hours this can save you in down 

maintenance crew time... and how much faster 
rnaces can get back into profitable production. 


irger, more convenient size is the only difference 
| J-M’s four new Insulating Fireblok and the four 
wn J-M Insulating Fire Brick. Either size of 
ir grades of highly efficient refractory linings for 
m 1600° F. to 2600° F., has these important 


es: 


'tting and titting— J-M Fireblok can be easily cut with a 

shaped with a rasp. Most special shapes can be either 
field cut from standard slabs, reducing the inventory of 
shapes. 


m of joints—the large size, compared to the standard 
k unit, materially reduces the number and length of 
esulting in a thermally more efficient construction. 


nical bonding—with reduced joint length Fireblok re- 


1 minimum of air-set cement for bonding. (J-M 1626 


t was especially developed for this use.) 


Fireblok can be used wherever Insulating Fire Brick are 


mended such as for heat-treating furnaces, flues, stacks, 
and similar equipment. Also for the lining of doors, sus- 


arches, and, when tapered, for sprung arches of excep- 


tional stability. 
Write for new booklet, IN-103A, on this J-M development. 


Johns 


NOVEMBER, 


JOHNS -MANVILLE 


3- Manville, 22 East 40th St., New York 16, New York. 


Johns-Manville 


JM INDUSTRIAL 


TEMPERAT 


1944 
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MOST WIDELY USED BACK-UP INSULATION 
BETWEEN 600°F. and 1900°F.—J-M SUPEREX 





Made of high-quality, calcined diatomaceous 
silica and bonded with asbestos fiber, Superex 
combines all the desirable qualities of these two 
insulating materials. Result: High heat resistance 
and exceptional insulating efficiency. Ideal for 
boiler walls, furnaces, etc. Available in 3”, 6”, 9” 
and 12” by 18” and 36” blocks. Other lengths to 
order. Various thicknesses. 





INSULATIONS 


FOR EVERY SERVICE 
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Word of movth travel has built up a 
list of almost 1,000 users of Strenes 
metal ranging over 36 states, employ- 


ing this unusual alloy in many ways. 


its principal use is for drawing and 
forming dies . . . body tops, fenders, 
radiator grills, hoods, lamps . . . re- 
frigerator tops, sides, doors, trays . .. 
stove parts, tractor parts, farm imple- 


ment parts, caskets, grave vaults, etc. 


Strenes can be cast very close to shape 
(usually \,”") . . . thereby greatly re- 
ducing machining time. Its graphitic 
lubrication rate is very high, hence 
runs of 1,000,000 deep draw parts 


are not unusval. 


Here is an alloy you should look into 
and we are ready to cite hundreds of 
plants for you to contact on the subject. 


Also . 
your tooling program Advance has the 


- no matter how extensive 


capacity to handle the casting end 


and give you excellent service. 








100 Parnell St. 
Dayton 3, Ohio 
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water in the Mahoning River—some day 
when it is part of the Lake Erie—Ohio 
River waterways—to float barges carrying 
raw materials and finished products to and 
from the Valley's industrial plants. The 
waterway, known as “The Canal,’ has been 
a dream for 150 yr. We hope it becomes 
true when the United States starts its post- 
war projects—and the Canal is included in 
the program of the Federal Public Works 
now being planned. George Washington 
had correspondence with Thomas Jefferson 
urging a waterway connection of Lake Erie 
with the Ohio River. Water and dams will 
make the 150-yr. dream come true.” 


The Cathode Press, Machlett Laboratories, 
Inc., Sept. 1944. 


“In designing a new electronic tube, 
mathematical calculations are invaluable, 
though only preliminaries. Then come 
many tests of various experimental tubes. 
But this cut-and-try method is wasteful. We 
developed our ‘rubber model.’ We use a 
At the high end is 
a model of the cathode of a proposed tube; 
at the other end the anode, or target of an 
X-ray tube, plate of an oscillator or rectifie: 


stretched rubber sheet. 


The slope between the two is proportional 
With an 


electro-magnet a steel ball can be held in 


to the desired potential difference 


any position along the cathode, then re- 
leased to roll under gravity to the anode, 
where the point it strikes can be observed 
and measured. This is an electro-mechanical 
analogy. With this rubber model technique, 
months have been shortened into days, 
weeks into hours.” 


Lhe War Effort, The American Brass Co., 
Detroit, Sept. 1944 


Take Your Pick,” 


the editor places the following side by side 


Under the heading, 
tor comparison: “Historical experience has 
shown that the destruction and elimination 
of a foreign nationality is not in the least 
against the provided that 
destruction and elimination are completed.”’ 
—Werner Best, Nazi historian. “We 
hold these truths to be self-evident, that 
all men are created equal, that they 
are endowed by their Creator with certain 
unalienable Rights, that among these are 
Life, Liberty, and the Pursuit of Happiness.”’ 
—The Declaration of Independence. 


laws of life, 


The Drum, Metals Disintegrating Co., Inc., 
Sept.-Oct. 1944. 


“The demands for metal in this and 
future ages can only be met by the discovery 
of new sources or by the development of 
more complete and efficient methods of 
recovery from the ore. Within the past 20 


yr., flotation processes for the separation of 


valuable mineral from unwanted gangue 
waste in the ore have yielded recoveries 
approaching 100%. In flotation processes, 
finely ground ore is mixed with a small 
amount of chemical, which causes the sur- 
face of the mineral material to become 
coated with an oily layer. The coated 
particles float on the surface of the water, 
where they can be skimmed off; the other 
component sinks. The phenomenon is well 


illustrated by the trick of making a greased 
needle float on water. Another example is 











ALLOY 


POWDERS 





METALLURGY 


In addition to our Standard 
Corrosion and Heat Resistant 
Powders, we now offer a e 


of Pre-alloyed powders 


POWDER | 





CUPRONICKEL 
NICKEL COPPER 
NICKEL SILVER 
COPPER BERYLLIUM 
LEADED BRONZE 


SOLDERS 


Copper Nickel Alloy Powers 
offer 
1. Ease of Pressing and 
plicity of Sintering 
2. High Density Parts 
3. Corrosion Resistant and 


WE RECOMMEND THESE 
POWDERS SPECIFICALLY 
FOR POWDER METALLURGY 
AND INVITE YOUR 
QUIRY AS TO SPECIFIC 
PROBLEMS. 


We would be happy to consult with 
manufacturers 
the use of Powder Metallurgy tech- 
niques 


UNEXCELLED 


MANUFACTURING 





Wear Resistant Parts. 
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who are considering 


in their post-war products. 
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STAINLESS STEELS- 
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For pump shafts, valve stems, 

nuts, bolts, capscrews and instrument parts where machin- 

| ing costs are an important factor — use free machining 

| Timken Stainless Steels 303, 416, 430F and 440F. These 
| 18-8 and straight chromium steels were developed espe- 








| cially for screw machine work. They cut rapidly and 
| cleanly with a minimum build-up on cutting tools — and 
| may be ground and polished to a fine smooth finish with 
less loading of the grinding wheels. 








These free machining Timken Stainless Steels stay strong 
and bright under many of today’s corrosive environments 
handling food, dairy and petroleum products, and in 
other applications in the process industries. 


Give your products the advantages of strength, beauty 
and long life by specifying Timken Stainless Steels. Steel 
and Tube Division, The Timken Roller Bearing Company, 
Canton 6, Ohio. 


TIMKEN 


TRADE-MARK REG. U. &. PAT. OFF. 


ALLOY STEELS 
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The famous 64-page, fact-packed book 















that has stimulated thousands of men' 


“Forging Ahead in Business” is a 
practical, thoughtfully-written 
book with “punch” and common 
sense on every page. It carries a 
message of vital importance to 
every man who wants to make 
more money, get a better job and 
improve his station in life. 


Partial Contents: 
® Law of Success 
® Forging a Career 
® Organized Knowledge 
® Highway of Achievement 
® Making Decisions 


® Failure and Success 


Noted Contributors 


Among the prominent men who 
have contributed to the Institute’s 
training plan, which is described 
in ‘Forging Ahead in Business,” 
are: Thomas J. Watson, President, 
International Business Machines 
Corp.; Clifton Slusser, Vice Presi- 
dent, Goodyear Tire & Rubber 
Co.; Frederick W. Pickard, Vice 
President and Director, E. I. du 
Pont de Nemours & Co. 

Simply return the coupon below, 
and your FREE copy of “Forging 
Ahead in Business’ will be mailed 
to you. 


MAIL COUPON TODAY 
ALEXANDER HAMILTON INSTITUTE 
Dept. 205, 71 W. 23rd St., New York 10, N. Y. 














In Canada 
54 Wellington Street, West, Toronto 1, Ont. 


Please mail me, without cost, a copy of the 
64-page book—“FORGING AHEAD IN 
BUSINESS.” 


SROs PRD sé wo + 0.63 Ln ana 0ewkiles cee 
En MOUS, . 64.50 UMEES Ac «oa Bie vss 
Pmtthan . oo c.c vi 0 000n bee bodl ese tehéi ic 
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in the leafing of metal flake pigments in 
paints and varnishes. The metal flake 
particles have been chemically treated so 
that they are caused to float on the surface 
of the liquid area although they are heavier 
than the liquid.” 


Fasteners, American Institute of Bolt, Nut 
& Rivet Manufacturers, Vol. 1, No. 3. 


“The ‘feel’ of a properly tightened nut 
and bolt can be acquired by practice, 
wrenching up the nut until the bolt seems 
to be pushing the wrench back where it 
came from. As a check on the proper 
tightening, the bolt length can be measured 
with a micrometer before and after tighten- 
ing. For each inch of bolt length, the ideal 
amount of stretch in a properly tightened 
bolt is 0.003 in. Actually, a stretch ranging 
from 0.002 to 0.004 in. is satisfactory. Prac- 
tice, checked by measurement of stretch, 
will develop the ‘feel’ for tightness.” 


Toledo System, Toledo Scale Co., August 
1944. 





photo-electric cut-off, and a chain tare 


device. Before starting the filling operation, | 


the operator sets the scale beam to the sum 
of the net load of cyanide in the shape of 
‘eggs, plus the average weight of the 
container. Any variation in the average 
| weight of the container is compensated by 
| adjusting the chain tare device. With this 
adjustment made, the operator presses a 
| button starting the vibrator conveyor, which 
| is operated at fast and slow speed. When 
| the proper weight of materials has reached 
| the container, the movement of the con- 


veyor is stopped, automatically, by the 


photo-electric cut-off. The sodium cyanide 


imparts a hard, wear-resistant surface to 


gears. 


Briefs on Associations, 
Promotions and Education 


A sign of the times is that high fre- | 


quency heating has so grown that a good- 
sized successful exposition of equipment 
and sustained lecture program can be 
conducted just for it alone—and 
strictly local attendance basis. From Sept. 


25 to 28 the Wisconsin Electric Power Co. 


held such a demonstration at its Cold 
Spring shops, Milwaukee, ably directed by 
William H. Wagner. 
tions of induction heaters for metals were 
exhibited by: Allis-Chalmers Mfg. Co., 
Induction Heating Corp., Lepel High Fre- 
quency Labs, Inc., Ohio Crankshaft Co., and 
Westinghouse; also, of dielectric heaters 
for non-metals by Federal Telephone & 
Radio Corp., Induction Heating Corp., and 
| Westinghouse. Each evening two shifts of 
| local engineers and production men heard 
lectures on induction heating by Dr. H. B. 
Osborne, Jr., of Ohio Crankshaft, and on 


Operating installa- 





“System’s front cover illustration shows | 
drums of sodium cyanide being filled over | 
a Toledo portable scale, equipped with a | 
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Intricate 


STAINLESS STEEL 


CASTINGS 
Designed for their 


Particular Purpose 








corrosion § resi-<tant 


p24 habe sists 
| casting has one parti: ular 


job to do, and it is for this job 


and this job alone that Atla st- 
ings are developed. If you ave 
a Stainless Steel casting he 


Blueprint stage, Atlas meta!lur- 
gists can aid you best. For it is 
then that a consultation wil! per- 
haps save much redesigning. For 
your next corrosion, acid or heat 
resisting casting designed to do 
the job for which it is intended 

consult Atlas. No obligation 


of course. 


Write for bulletin now. 
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Significant facts for 


POSTWAR planners 


GRANITE CITY STEEL CO. 


Chicago « Cleveland « Denver « Houston « Indianapolis 
Kansas City « Los Angeles « Louisville « Memphis « Mil- 
waukee « Minneapolis « Moline « New York « St. Louis 


HOT ROLLED SHEETS » COLD ROLLED SHEETS « STRIPLATES » TIN PLATE » TERNE PLATE ELECTRICAL SHEETS « TIN MILL PRODUCTS » PORCELAIN ENAMELING SHEETS 
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oxidizing atmospherc 
improves 


eroage COT 


WITH FOSECO 
CUPREX 


WITHOUT FOSECO 
CUPREX 





the addition of 
Foseeco Cuprex 
ereates a 
slightly oxidiz- 
ing condition 
metal 


itself! See the 


results above— 
write today 
for samples to 
make your 
own test. 
Remember, 
there’s a Foseco 


product for 


every alloy! 


FOUNDRY SERVICES, zwc. 


280 Madison Avenue 
New York 16, N. Y. 











dielectric heating by J. W. Cable, of Induc- 
tion Heating. Total attendance was 4000. 


The American Foundrymen’s Assn. has 
broadened its technical development pro- 
gram, whose functions in the main will 
include: Revision and publication of special 
books on specific phases of foundry practice, 
promotion and coordination of imvestiga- 
tions now being carried on by the associa- 
tion, establishment of broader library facili- 
ties; also, of abstract and bibliographic 
services, development of material for presen- 
tation before the A.F.A. and other technical 
groups. New staff officers elected are: 
Secretary, R. E. Kennedy; director of the 
technical development program, N. F. 
Hindle, formerly assistant secretary; treas- 
urer, C. E. Hoyt; assistant treasurer, Miss 
Jennie Reininga; business manager, Wm. 
W. Maloney, formerly assistant secretary. 


Frank L. LaQue, Development and Re- 
search Div., International Nickel Co., has 
been elected chairman of the American 
Coordinating Committee on Corrosion. The 
committee was organized in 1938 to serve 
as a Clearing house on American experience 
in corrosion. The committee comprises 
delegates from 17 technical societies. 


Speaking of corrosion, the serious cor- 


| rosion of pipes and fittings of high pressure 


condensate wells, costing the petroleum 
industry dearly, will be studied by Battelle 
Memorial Institute, Columbus, under aus- 
pices. of the Natural Gasoline Assn. of 
America. Occurring in high pressure wells, 
7,000 to 10,000 ft.. deep, this corrosion 
creates an unusual hazard. Replacement in 
90 days is often imperative. 


The Magnesium Assn. held a two-day 
“first annual convention” at the Waldorf- 
Astoria Hotel, New York, in early October. 
Key officers were reelected, including, as 
president, Edward S. Christiansen, vice- 
president, Apex Smelting Co. Perry D. 


| Helser is retained as secretary and perma- 





nent director. 


John Otto Almen, head of Mechanical 
Dept. No. 1, General Motors Research 
Laboratories, has been awarded the Manly 
Memorial medal by the Society of Automo- 
tive Engineers for his work of increasing 
the working strength of metals and engine 
parts. Mr. Almen advocates shot blasting 
of engine parts to put metal in a compres- 
swe state. 


The American Gas Assn. has elected 
J. French Robinson, president, East Ohio 
Gas Co., Cleveland, as its president. Be- 
cause of the congested travel situation, the 
usual convention of the association was 
dispensed with this year. 


Heavy demand for the 1942 Book of 
American Society for Testing Materials 
Standards and its Supplements, occasioned 
by the war production efforts, have neces- 
sitated advancing by a full year publication 
of the next book, to be issued in December, 
1944, though normally issued November- 
December, 1945. 


The American Society for Metals medal 
for the advancement of research was award- 
ed to Robert Crooks Stanley, head of 
International Nickel Co. of Canada, Ltd., 
during the annual dinner at Cleveland 
Oct. 19. The medal was based on his 








“HE SAYS HE CAN 
THANK PURDY FOR 


HIS PRESENT 
FLUID CONDITION.” 


Purdy can get you all set, too, 
for changes looming up. First 
thing we suggest is you stop 
right now on the stocking up 
of war steels. Depend on our 
inventory of over 6,000 items 
Then when war contract 

terminate, depend on us to ge 

you set for civilian produc 

tion. No matter whether you 

contract ends in a matter o 

weeks or a matter of months 
you'll know that you won 

get caught with heavy stock 

you can’t use. 


And whether you’ve an eme 
gency problem of supply « 
application or a long rang 
planning question, consu! 

our sales engineers. They hav: 
_ the complete PLANET line t 


back them up! 


Ce RFcdy Co 


INCORPORATED 


790 Greenwich St. * New York 14, N.Y. 
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‘We Feature Especially 


‘ 


Formulated Compound 





individual Clee 


Today, most manufacturers of compounds and chemi- 
cals for cleaning metals, are stressing the importance 
of individually formulated metal cleaners. Over 
twenty years ago MAC DERMID INCORPORATED 
sponsored this suggestion . . . created a reputation 
in the metal finishing industry for their untiring deter- 


mination to prove the importance of metallurgical 





cleaning, achieved through individual compounding. 
fr pa 


No matter what your metal cleaning problem may 
be—a MAC DERMID INCORPORATED Technical Serv- 


ice Engineer is ready and willing to be of service. 


~ 





Consult him concerning your every metal cleaning or 
finishing problem. Ask him to show you the newer, 


faster acting, more positive compounds developed for 














> | todays’ and tomorrows’ metal cleaning problems. 
. Draw upon his field of knowledge gained through 
. 5 
experience with others. 
Compounds = 
* INCORPORATED 
WATERBURY 88, CONNECTICUT 
BUY WAR BONDS WRITE ONE OF THESE SERVICE ORGANIZATIONS FOR FRI j 
NEW YORK DeTraoirT CHICAGO CLEVELAND e$s7T. tours TORONTO—CAN. 
Udylite Corp. Udylite Corp Udylite Corp Udyhte Corp LaSolco, Clark Industrial 
* it 1. City) Wagner Bros Geo A Stutt Mig Co McGeon Chem Co Incorporated Supples Co 
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For Your Castings 


etal 


DUCTILITY 
HARONESS STRENGTH 


is 5” A TE BON god 1g WE Ret Ming: 2 soe 
_.. ® Maximum strength with 


minimum weight 

© Accurate casts .— 

® High machingbility 

-* Low finishing costs 

- * Selective hardenability 

- @ Maximum density with 
minimum porosity 

. * Corrosion resistant 







METALS CORPORATION 
444 Madison Avenue .... 


SPECIFY THIS PEARLITIC IRON ALLOY 
IT HAS THE PROPERTIES 
OF CERTAIN WORKED STEELS 


Z-Metal is the superior metal for such parts as: 


AUTOMOBILE 

Axle housings, cam shafts, crank shafts, differential 
housings, truck housings, etc. 

RAILROAD 

Carry irons, hinges. brackets, spring retainers, brake 
shoes and heads 

MACHINERY 


Gears, cranks, levers, links, sprockets, rolls, nozzles, 
cams, rods, brackets, spiders, jack bodies, rocker 
arms, universal joints, etc. 


TOOLS 


Wrenches and wrench handles, 
clamps, shears, snips, etc. 


hammer heads, 


In fact, wherever maximum strength coupled with 
minimum weight and high machinability is desired, 
Z-Metal should be investigated. In writing for further 
information, tell us about your product. 


(Near you there is a qualified 
licensed Z-Metal Foundry 
equipped to produce the part 
or parts you desire in any 
volume. We'll be glad to give 
you the names of Z-Metal 
Licensed Foundries.) 





New Vork, fl. Y. 


11-FMC-1 








Capacities 


needs now. 


Request Bulletins 








The 60 models of *Scott Testers cover 
the needs of the Wire Industry for 
tests on wire and strip for tensile, 
hysteresis, flexing, compression-cutting 
(of rubber covering) and other tests. 
from finest filament wire 
to one ton tensile. Let’s discuss your 


HENRY L. SCOTT CO. 


65 Blackstone St., Providence, R. I. 


Let’s discuss 
your postwar 
Testing Equipment 
needs now... 





cad 


Model Q-7 Scott Tester. Heavy 
duty tensile tester for wire 
with capacity of 2,000 Ibs. 


SCOTT 
TESTERS 


*Registered Trademark 








| Dealt Testets = di tondard of He Wark] 
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» “pioneering leadership in the field of metals 


research.” 


Latin-American industrialists are invited 
to send groups of employees to the school 
of the Brown Instrument Co. in Philadel. 
phia for free technical and practical instruc. 
tion in precision industrial instrumentation, 
The school has been graduating over 400 
students annually. The plan is described by 
its sponsor as ‘an honest approach to good 
will between Latin America and the U. §.” 


And speaking of schools, Westinghouse 
is teaching principles and applications of 
electronics in industry in a new ten-part 
trafning course covered by sound slide films, 
lesson books, quiz books and an instructor's 
manual. The course is available to engineer. 
ing groups and individuals. 


The North Jersey section, American 
Chemical Society, has created the Leo 
Hendrik Baekeland award to encourage 
creatiwe talents of the younger American 
chemists. It will consist of $1,000 and @ 
gold medal suitably inscribed. 











Meetings and Expositions 


INSTITUTE OF THE AERONAUTI 
SCIENCES, fall meeting. Dayt 
Ohio. November 9-10, 1944. 

NATIONAL STANDARD PARTS AS 


CIATION, annual fall meeti 
Chicago, Ill. November 9- 
1944. 


SOCIETY OF AUTOMOTIVE EN 
NEERS, national fuels and lu! 
cants meeting. Tulsa, Okla. } 
vember 9-10, 1944. 

SOCIETY OF THE PLASTICS IND 
TRY, annual meeting. New Y« 
N. Y. November 13-14, 1944 

AMERICAN PETROLEUM INSTITI 
annual meeting. Chicago, 
November 13-16, 1944. 

SOCIETY OF NAVAL ARCHITE: 
AND MARINE ENGINEERS, ano 
meeting. New York, N. Y. } 
vember 15-18, 1944. 

NATIONAL CHEMICAL EXPOSITI« 
Chicago, Ill., November 15- 
1944. 

AMERICAN SOCIETY OF MECHA 
CAL ENGINEERS, annual meeti: 
New York, N. Y. November 27- 
December 1, 1944. 

NATIONAL EXPOSITION OF POW 
& MECHANICAL ENGINEERIN 
New York, N. Y. November 2 
December 2, 1944. 

INSTITUTE OF METALS DIVISION and 
AMERICAN SOCIETY FOR TESTING 
MATERIALS, joint symposium of 
“Stress Corrosion Cracking.” Phila 
delphia, Pa. November 29-30, 
1944. 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, national air cargo meeting. 
Chicago, Ill. December 4-6, 1944. 

NATIONAL AVIATION TRADES ASSO- 
CIATION. St. Louis, Mo. December 
6-8, 1944. 
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By Edwin F. Cone 


New Steel Industry Data 


Some statistics never before compiled and published have 
recently been made public by the American Iron and Steel 
Institute and are quite interesting and informative. They 
reter only to 1943. 

The consumption of fluxes in steel making furnaces last 
year was 6,534,086 net tons of which 224,250 tons were 
fluorspar; 5,117,629 tons, limestone; 936,872 tons, lime; 
and 255,335 tons, other fluxes. Total coal consumption in 
1943 by the steel industry was 90,904,790 tons of which 
99.1% was bituminous 


ibout The steel industry last year 


consumed 18,380,000 kw. hr. of electric which 
11,212,000 kw. hr., 

In melting, heating and annealing and all other furnaces, 
the industry 1943 2,109,425,474 gal. of fuel oil, 
226,784,000 gal. of tar and pitch, and 868,172,000 cu. ft. 
of natural gas. 

The magnitude of the industry as well as its effect on 
our economy is reflected by these data. 


power, ol 
or nearly 61%, was purchased. 


used in 


Reemploying War Veterans 


The Carnegie-Illinois Steel Co. reports that it has already 
(September) reemployed more than 4000 veterans of the 
present war. About 43,000 employees of the company have 
gone into the armed services. How many of the former 
employees now serving will return is of course not known, 
says J. L. Perry, president, but “it is our wish that all of 
them return and that all of them who do return will want 
to return to employment with our company.” 

Another company, Inland Steel, states that most of the 
employees on leave of absence with the armed forces will 
return to work when demobilized. Already 225 have re- 
turned, 8 of them veterans have become 


wounded who 


idjusted to civilian duties again 


Post-War Aluminum Output 


Production of aluminum in the post-war period will 
decline to about one-third of present capacity or to approx- 
imately 900,000,000 Ib., according to estimates in Wash- 
ington as reported by Walter Jannsen, chief of the metals 
and minerals unit of the Bureau of Domestic Commerce. 
This estimate is about three times greater than the peak 


peacetime output in 1939. 


Induction Heating 


New developments in the high trequency induction heat- 
ing field continue to appear. The Tocco Div. of the Ohio 
Crankshaft Co. has introduced a new type 2-station radio 
frequency electronic heating machine, and a new super-silent 
water-cooled motor generator set for use in 3000 to 9600- 
cycle units. The new electronic machine has a normal fre- 
quency of 450,000 cycles and a 20-kw. output capacity. The 
new water-cooled motor generator set is claimed to now 
make possible the use of high-frequency~induction heating 
in locations which, because of high heat and grimy shop 
conditions, were denied the advantages of this heat treat- 
ment method. 


Some Uses for Tantalum 


Tantalum metal is being used in many unusual ways, says 
the Ohmite News. It is not irritating to living tissues, is 
ductile, malleable and resists corrosion. Tantalum wire so 
fine that a surgeon feels for it rather than sees it is now 
being used to repair nerves and to make surgical stitches 
where facial appearance is important. 


Steel Output Gaining 


Although the steel ingot output for August was a little 
below that for July, the total for the first 8 mo. of this year 
has been higher than in the same period in 1943, a record 
year. To Sept. 1, this year, the total has been 60,005 
net tons, or 7,500,731 tons per mo. For the same 
in 1943 the total was 58,880,791 tons, or 7,360,099 $ 
each month. Should this ratio keep up, the 1944 total l 


make a new record—it all depends on the progress of the 


war. 


Pig Iron Output 


Statistics for July, issued by the American Iron and =| 
Institute, show that pig iron and ferroalloy output is about 
maintaining full volume. The July total was 5,156,81 
tons making the average per month to Aug. 1, 5,234,062 
tons. This compares with 5,148,108 tons per mo. fo 


of 1943 and 4,998,513 tons per mo. for all of 1942. 


Copper After the War 


The annual post-war consumption of copper is estimated 
by Dr. W. R. Ingalls, director of the American Bureau of 
Statistics, as about 1,265,000 tons. This authority divides 
this total into about 850,000 tons of new copper and 415,- 
000 tons of old. This total consumption would be 18 |b. 
per capita of an expected population of 140,000,000 at the 
middle of 1945. In the potential distribution of this total, 
electrical manufactures heads the list at 250,000 tons, with 
building second at 225,000 tons. He assumes a continuance 
of the 4¢ tariff and a freezing or locking up of all the 
holdings as stockpile material. These facts appear in an 
article in Mining and Metallurgy for September. 


Activities of A.F.A. Broadening 


Broadening the technical scope of the American Foundry- 
men’s Association is a new development in that progressive 
society. At a récent meeting of the board of directors, N. F. 
Hindle, formerly assistant secretary, was elected director of 
the Technical Development Program. Some of the functions 
of this new department include: Revision and publication 
of special books and pamphlets; collection and correlation 
of published and unpublished data; promotion and coordina- 
tion of investigations now being carried on by the A.F.A¥ 
establishment of broader abstract and bibliological services; 
and development of material for presentation before Asso- 
ciation chapters and other engineering and technical groups. 


An advisory committee will work with Mr. Hindle. 
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